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SECTION I

INTRODUCTION

The SSFAN computer program is currently mechanized for the CDC 6500/6600

computer. It is coded in Fortran IV and is used to simulate aircraft hydrau-

lic fluid flow systems, which typically consist of multiple branches. The

flow is assumed to be one dimensional and steady state. The effects of fluid

viscosity and density changes with temperature and pressure are included in

calculations. Altitude effects are also included. The output of SSFAN is

predicted values of flow rate, pressure, subsystem operation time,

etc. /

Some of the element models comprising the program were derived using

empirical data to describe the flow pressure-drop relationship. However,

the data available is generally for one test temperature (room temperature),

so that an extrapolation to extremely high or low temperatures may decrease

the accuracy of the results. Other element models were derived from the

theoretical mathematical equations. In some cases, the models contain correc-

tion factors based on previous test data.

SSFAN has been updated to extend its calculation capability and reduced

in size by simplifying the overall organization of the program. The addition

of the Ouasi-transient model allows prediction of flow, pressure and actuator

stroke versus time. The capability to input various fluid temperatures at

components giving a temperature distribution throughout the system has been

added.

A computer graph subroutine has been added to plot the quasi-transient

data. Data may also be printed out in tabular form.

II
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SECTION II

TECHNICAL SUMMARY

Input data cards containing the detailed element (component) data and

system location identifiers (junction numbers) for each element in the system

are established. The data is read into 2 storage arrays. Some data, such as

tubing bends, are calculated for energy loss coefficients as the data is read

in, and stored in the array with tube data. Fluid properties and aircraft

altitude are also input. The altitude is used for reservoir pressure correction.

The general SSFAN flow chart is shown in Figure 1 .

The pump or pumps are the first components in the system, unless an

accumulatcr is designuted as the pressure source. A search routine then

;earches the data arrays and builds the system bN legs until the total

system is built. If the input data is erroneous so that system continuity

cannot be established, error messages are output and the run stops.

As the system is being built, resistance coefficients are calculated

for each element and summed for a hydraulic system leg. They are stored in

a leg array for the duration of the run.

Viscosity at atmospheric pressure is input to the program and is

corrected initially for pressure. Resistance coefficient are established

for all branch legs in the system from which the branch leg conductances

are calculated. These resistance coefficients are established, based on

whether the flow in the branch leg is in the laminar, transition or turbulent

flow regime.

Branch points are established from an array which contains the active

branch legs in the system. The system is first balanced using an initial

guessed flow.

3 I
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The general solution technique is based on an iterative method using a

matrix to solve for pressures at branch points in the system. Each branch

leg resistance is described by a nonlinear equation as a function of flow in

the leg. This equation is solved for the leg pressure drop which is then

used to obtain a leg conductance constant at the current flow rate. Finally

conductances are placed in the matrix for a new solution and the iteration

is continued until two successive solutions of the matrix provide flow

balances for all branch legs within .001 gpm.

The SSFAN program may be run in a quasi-transient mode. With an

input of time interval, time step (optional) and some additional element

data, the quasi-transient model may be used to predict pressures, flows,

subsystem operating times, etc. If a time step is not input a default

value of 100 steps is used which will provide a full set of data points

for the graph subroutine.
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SECTION III

SSFAN MAIN PROGRAM

The Main Program is responsible for the overall program setup and

execution. It controls the entire operation of the SSFAN program from data

initialization to output. Any error conditions recognized by the program

terminates that section of the program after printing out error messages.

The DATE subroutine is called, and the data is read-in via the input

section of the main program. When the input is complete, a viscosity -

pressure correction factor is calculated for the hydraulic fluid, and

viscosity and ambient pressure are computed for the system temperature and

altitude.

After these parameters are found, system assembly begins. During

the course of leg building static resistance coefficients are calculated

for each leg in the system. A check is made to determine whether the

program is being run in the quasi-transient mode. If not, the system is

solved for pressures and flows and results are printed according to the

selected output. If the program is run in the quasi-transient mode, the

initial flow balance is printed out for all junctions, but only the

quasi-transient user selected output is printed for the remainder of

the run.

See Figure 2 for the SSFAN Main Program Flow Diagram.

!~ ,
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INPUT DATA
CARDS

CALCULATE FLUID CONSTANT FACTOR
FOR VISCOSITY-PRESSURE CORRECTION

AT SYSTEM TEMPERATURE

CALCULATE VISCOSITY AND PRESSURE
AT SYSTEM TEMPERATURE AND ALTITUDE

I

SYSTEM ASSEMBLY
AND INITIAL CALCULATIONS

OF STATIC RESISTANCE COEFFICIENTS

FSOLUTION PROCEDURE

-I
DATA OUTPUT

Figure 2
SSFAN Main Program

Flow Diagram
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3.1 Description of SSFAN Operation

A call is made to the computer for the Julian date, which is stored

in BLK8. The first major section of the SSFAN program is the data input

section which reads in the data cards. If an error occurs on input,

IERROR will be reset to a value other than zero and the program is terminated.

A call is then made to VISD which returns the viscosity and density values

in BLKI. The title page of the SSFAN program is output with the call to

the subroutine OPUT4. If, because of erroneous data points a negative

viscosity should be calculated, the program will stop and print out an

error message. The user may select to have his data deck printed out exactly

as read in to check for errors (see Output Options). The ambient atmosphere

pressure for the input altitude is calculated and put in BLK1 under the

name of PAMB.

The second major part of the program begins with the call of the SDSORT

subroutine to set up arrays for leg building. BUILD subroutine assembles

the legs. If all the legs are assembled with no errors generated, pressure

points are assigned to the ends of the legs. The SDSORT and BUILD subroutines,

called from the Main Program, control the entire assembly phase in the SSFAN

program.

The calculation of the system pressures and flows in the next major

part of SSFAN is totally controlled by the CALC subroutine. Once the solution

phase is finished the information is output through the user selected output.

Three arrays that are critical to the solution procedure of SSFAN

are BLEG, ILEP, and PQL. All of these arrays are generated by the assembly

phase.

. . 1.....
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BLEG and PQL are updated in the computation section and contain the final

solutions to be used by the Output subroutines. A knowledge of the

information contained in these arrays is essential to an understanding of

the SSFAN program operation. SSFAN Sample Case Number 1, a two actuator

subsystem, is used to explain how the elements are entered and arranged

in BLEG, ILEP and PQL, Figure 3 .

The ports of every element have a junction number assigned to them.

The assembly phase of SSFAN matches junction numbers of the system elements

until a leg in the system is assembled. The leg is identified with a leg

number and assigned pressure point numbers to the upstream and downstream

ends. The legs are built from pressure point to pressure point. These

are the points at which pressures are calculated and printed out for

the syscem. Elements that contain pressure points in the SSFAN program are

pumps, accumulators, reservoirs, actuators, tees, crosses, valves and motors.

Figure 4 is a schematic diagram of how leg numbers and pressure points are

assigned by the assembly phase of SSFAN to the SSFAN Sample Case Number 1.

From the assignment of leg numbers and pressure points, the ILEP array

is built. The pressure points at the up and downstream locations of the

leg are written into columns one and two, respectively. An ILEP array

for the system in Figure 3 is shown in Figure 5

10
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Upstream Downstream
Leg Numbers Pressure Point Pressure Point

ILEP CUL 1 ILP COL 2
1 2 15
2 1 I
3 3 12
4 9 12
5 10 15
6 12 18

15 14
8 14 4
9 14 1?
10 19 13
II 13
12 8 16
13 13 5
14 6 16
15 16 20
16 5 6
17 7 8
Id I 18
19 17 19
20 19 18
21 17 20
22 20 18

FIGURE 5

ILEP Array
For SSFAN Sample Case Number I

Thus the ILEP array contains the description of how the system is

assembled.

The PQL array has as many rows as there are pressure points in the system.

For example, Case Number 1, Figure 4 shows a total of 20 pressure points.

Column one of the PQL has the values of pressure at these points.

Pressure points in a system are termed as being either constant pressure

points or branch points. A constant pressure point must be at an end point

in a system, but all end points need not be constant pressure points. The

values of pressure at constant pressure points are treated as constants for a

solution during an iteration, but are updated for the next iteration.

13



A branch point thus is a pressure point that is calculated and it may also be

an end point or a point at which two or more flows meet.

Column two of the PQL array contains the flow loss or gain at a

branch point or end point due to a dynamic element. The element type number

for the pressure point is in column three. Columns 4, 5, 6 and 7 contain

the junction numbers of the pressure point element. Column 8 contains

the fluid temperature at the pressure point. Figure 6 gives the initial POL

array for the SSFAN Sample Case Number 1. Initial constant pressures are set

at three thousand PSI for the pump pressure port and fifty psi for the reservoir

return and suciion ports. The branch points are all minus ones. The values

for all the pressure points are updated as the solution procedure iterates

to the final answers. All the terms in column two are initially set to zero

but these too are updated in the iteration process.

14



Column

Number QGain
Pressure\ Press Fr Type JCTI JCT2 JCT3 JCT4 Fluid0.- TunX
Point 1 2 3 4 5 6 7

1 -1. 0. 5. 5. 0. 0. 0. 100.
2 3000. 0. 5. 10. 0. 0. 0. 100,
3 -1. 0. 5. 15. 0. 0. 0. 100.
4 -1. 0. "7. 295. 0. 0. 0. 100.
5 -1. 0. 4. 145. 0. 0. 0. 100.
6 -1. 0. 4. l.5. 0. 0. 0. 100.

-1. 0. 4. 130. 0. 0. 0. 100.
8 -1. 0. 4. I70. 0. 0. 0. 100.
9 50. 0. 9. 250. 0. 0. 0. lOu.

10 -1. 0. 9. 260. 0. 0. 0. 100.
11 50. 0. 9. 265. 0. 0. 0. 100.
12 -1. o. 24. 210. 215. 230. 0. 100.
13 -1. n. 24. 115. 120. 135. 0. 100.
14 -1. 0. 24. 55. 65. 60. 0. 100.
15 -1. 0. 24. 35. 45. 40. 0. 100.
10 -1. 9. 24. 15. Ibo. 155. 0. 100.
17 -1. 0. 34. 85. 0. 0. 0. 1.00.
18 -1. 0. 34. 90. 0. 0. 0. 100.
19 -1. 0. 34. 95. 0 0. 0. 100.
20 -1. 0. 34. loo. 0. 0. 0. 100.

FIGURE 6

PQL Array for SSFAN Sample Case No. 1

The BLEG array contains the parameters for the solution procedure. Each

row in BLEG represents a leg in the system. The columns contain the informa-

tion particular to each leg. Some of the data in the columns of BLEG for the

Sample Case Number 1 are presented in Figure 7.
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3.2 Math Model

The approach to the SSFAN method of analysis is based on the principle

of conservation of energy which results in an energy balance of:

Energy at + Energy Energy Energy - Energy at
Section 1 Added Lost Extracted Section 2

In the direction of flow from I to 2 for steady state flow of incompress-

ible fluids in which the change in internal energy is negligible, this may be

written in a form of the Bernoulli theorem or equation as:

P1 Vl 2  P2 V2
2

+ - + ZI  +HA - HL - HE= + - + Z2 (I)TI 2g (' 2  2g

Further simplifications may be made if the density is assumed to be the

same at points 1 and 2.

therefore P1 - P2 = P

In an aircraft hydraulic system where the lines are relatively small, the

pump(s) centrally located and for steady state flow operation under high pressure,

the difference in elevation between points I and 2 (Z1 - Z2 ) may be ignoreH.

However the reference altitude for the low pressure pump suction system can

not be ignored as noted in the reservoir mathematical analysis.

The energy added OiA) is considered to be in the form of a pressure rise in

the system at a pump. Energy lost (HL) is the frictional and viscous pressure

drops due to flow and energy extracted (HE) is at an actuated subsystem moving

against a resistance such as a flight control surface actuator. This may also

be equated to equivalent pressure loss in the system. It should be notee that

in the case of a flight control surface, an aiding load on the actuator actually

adds energy to the system and is accounted for in this analysis. The method of

analysis outlined below is similar to Reference (1).

18
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Rewriting the Bernoulli equation considering the above conditions,

P1 V1
2  P2 v22

- +2 - H12  + - (2)e 2g 12el 2g
or

7 V 2  ev2
2

P1 + - P1 2  P2 + (3)
2g 2g

Where: P = pressure PSI)

= weight density (LB/IN3 )

V = fluid velocity (IN/SEC)

g = gravitational acceleration (IN/SECISFC)

P12 = pH12 = friction loss, pump pressure rise,

gain or loss of actuators (PSI)

A common term for hydraulic flow is

Q in gallons per minute (GPM)

To establish a simple relationship between the resistance from I to 2 and flow

the resistance is definee as R12 , where the total loss in pressure from I to 2

is R12 Q (4)

where R1 2 = resistance (PSI-MIN/GAL)

Then equations (3) and (4) may be combined:

R12 =- + AP1 2  (5)
Q 2g

The velocity term may also be written as

V 231 x Q

ro A

with V ( N/SEC)
Q (GPm)
A (IN)

19
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Since Q1 = Q2 then the first term in the brackets of equation (5) drops out

and leaves

R1 2  P12
Q

This term then gives a linear relationship between P12 and Q required for

the Matrix solution.

To correlate this to the system being analyzed, the following definitions

are used. A system is described as shown in Figure 8.

El i2 13 SA
5 r---I lOr----- 15r--- I20r ... 25

S I I I I I I g

BRANCH LEG WITH 4 ELEMENTS AND 5 JUNCTION POINTS

50 55 60

L3

35 40 45 50 80 85

L1lL

L2

65 70 75

SYSTEM WITH 4 BRANCH LEGS AND 2 BRANCH POINTS

FIGURE 8

Junction Points, Elements, Branch Legs and Branch Points
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The actual branch point in the system may best be seen by the illustra-

tion of the tee fitting, which is used as a branch point element. (see Figure 9)

LI
TEE FITTlNG

100 [ 105

110

BLOCK DIAGRAM REPRESENTATION

THIS NOT THIS

ANALYTICAL REPRESENTATION

FIGURE 9

Tee Fitting Illustration

Figure 2 shows a branch leg with 4 elements (EI,E2,E3,4) and 5 junction

points (5,10,15,20,25). Also in Figure 7 , a system with 4 branch legs

(Ll,L2,L3,L4) and 2 branch points (45,50). If a junction point is connected to

only one other junction point, it is an end. point. J

21



The individual element resist-tnces .re suimancd iong the iranch 1eps to

give a total resistance. A portion of a branch point type element res2stant.t; ts

allotted to each of its connecting branch legs. if a junction point is conrnecte,

to only one other junction point, it is an end point.

The fluid conductance in a system is defined as the inverse of the resistance

or 1
GI 2 t- -(6')

R12

where G12 = conductance between points I and 2

Equation (1) may be rewritten as

Q = G12 AP 1 2  (7)

Equation (7) is now in the form required for the Matrix solution sub-

routine SIMULT of Section 4.8. Equation (7) states that the flow, Q, in a

branch leg of a hydraulic system equals the conductance (G12 ) of the leg times

the pressure difference between the upstream and downstream branch points (I and 2).

In the current SSFAN hydraulic system analysis, branch points are considered

to be located in tees, crosses, actuators and valves. End points are established

at pumps, accumulators, reservoirs and motors.

The net flow at any branch point must be equal to zero to satisfy the

continuity equation.

This requirement is satisfied at the Ith point if:

j GIJ(PI- Pj ± PJ) ± QK - 0 (8)
K

where

P, = pressure at branch pointl

P = pressure at branch point J

PIj = A pressure rise or loss (from a pump or actuator)

in branch leg IJ

Q Fixed flow in branch leg IK
connected to branch point I

22
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When looking at any branch point I, the flows are summed for all branch

legs connected to I not having fixer flow rates (legs IJ) plus branch legs

connected to I having fixed flow rates (legs IK)

The signs of PIj and QI are positive or negative depending on the direction

of pressure loss or gain and flow loss or gain. The convention established

is that the sign is positive if there is a pressure gain in a leg or a flow

gain at a branch point.

The set of equations derived from equations (7) and (8) for a complex

hydraulic flow network are ot up in the SIMULT solution latrix as follows.

g12 • •1N P1  C

£21 g22  2 .C2

gNl .NN PN CN

where N total number of branch points

M- total number of end points

N+M

Jol

glJ -G Ii

N
CI z ± G i APij + K ± QI (9)

J-I
JK

+ GIL PL PIJ
L-N+1
LK
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PI = pressure at a branch point

PL = fixed pressure at an enr point

Gaussian elimination with pivoting is used to solve the Matrix system of

equations for P1 to PN.

The solution of the set of equations is accomplished in 4 basic steps:

(1) An initial guess is made for values of the flow rates in

all the branch legs with non-fixed flow rates of the system.

Experience has shown that this initial guess is not critical

for the SSFAN solution and this guess is made internally in

the program.

(2) In each branch leg with a non-fixed flow rate the current

estimate of the flow rate in that leg is used to compute

the conductance of the branch leg. The leg pressure drop

(resistance) is calculated from a general equation of the form

DP(R) = K1 + K2Q + K3QI'
75 + kjQ 2  (10)

where the resistance coeffieients were defined when the branch

legs were assembled, and Q is the current flow estimate.

DP = pressure drop (PSI)

Q = flow (GPM)

KI,,I 2 $K3 .K4 = resistance coefficient

DP's are calculated for all branch legs in the system from

which a current value of G is calculated

G= or (II)

(3) These values of G are placed in the Matrix and the Matrix

is solved for pressures at all branch points.

24



(4) The branch point pressures are then used to solve for a

new flow rate where

QNEW -I - PJ ± a PIJ) G1j (12)

Using this calculated value of QNEW along with QOLD'

a new value of Qlj is calculated by the following equation

QIJ = QOLD + QNEW (13)

2

QOLD = previous flow value

QNEW = latest flow value

Qj = the new guess flow rate-after an

iteration QIJ becomes QOLD

Steps 2 through 4 are repeated until successive estimates

in all branch legs agree within the tolerance specified.

From experience to date, one finds that equation (13) is the most optimal

for updating the flow guess.

Convergence Criteria

The solution for flows in all the branch legs are final when all the

previous flows and the latest caloulated flows are within a specified tolerance.

SSFAN tests the convergence of flows for two conditions; (1) Flows less than

one gpm and (2) flows greater than I gpm. If both the old and new flows are

less than one gpm equation (14) must be satisfied.

QOLD - QN.W O 001 (14)

For flow greater than or equal to one gpm equation (15)

QOLD - QNEW .001 (15)

QBIG

QBIG LARGER OF QOLD or QNEW

25
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If equations (14) or (15) are not satisfied in each branch leg of the system

for a specified number of iterations, the solution process will stop and an

error message will be printed out indicating the failure to converge due to

excessive iterations.

26
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Th!.ig.s in -:'p,; Ma~in i z ,iram Pei a .fi '.o trie .'LUh I,, 'a cor

for a viscositv-pressure correction ano a PAMB term for he pressure at the

system altitude. The derivation of FLUTDK is found irn Appendix B of thi manual.

The description of a pressure-altitude equation results from an application

of altitude-temperature and pressure-temperature relationships for air, which

is assumed to be a perfect gas. Reference (6) is the source for this equation

which for completeness is derived below.

The change in temperature with altitude is constant over certain ranges.

If the altitude above ground level is called h, then a constant termed the

lapse rate X is defined by the following equation:

dT + (16)dh -

Where: T = Temperature

h = Height

A = Lapse Rate

The positive sign in Equation Q16) is used when the temperature increases with

increasing altitude and the negative sign is used when the temperature

decreases for increasing altitude.

The atmospheric pressure decreases with increasing altitude and may be

expressed as follows:

dh -pg (17)

Where: p - Pressure (lb/ft )

h - Altitude (ft)

p - Density (slug/ft 
)

g - Gravitation Constant (ft/sec )

Assume that air obeys the perfect gas equation of state (18);

27



pt

- RT (18)
P

Where: p = Pressure (lb/ft)

T = Temperature (°R)

R = Gas Constant (ft lbf/(slug)(°R))

p = Density (slug/ft3 )

Then substituting Equation (18) into Equation (17) one obtains:

P dh (19)

Further combining Equation (16) with (19) gives:

= _ Ar (20)

Integrating both sides of Equation (20) between the limits P to P and T to T
0 0

one gets a solution of the form:

( R/g T (21)

Po T0

The relation between pressure and temperature for a perfect gas can be written

as:

( )(n - )/n T
- (22)

0 0

Comparing exponents in Equations (21) and (22) one is alSle to write an expression

for the lapse rate A as beinig:

(n-l)g (23)
A =+ nR

Solving equation (22) for n-l below:
n

n- 1 logT (24)

np

log

28



From the ICAD standard atmosphere at sea level

To = 518.688 0F

Po = 2116.22 LB/FT
2

at 10,000 FT

T = 483.026 'F

P = 1455.33 LB/FT
2

Substituting these values into equation (24) one finds that n 1.23496.

Letting g = 32.2 FT/SEC 2 and R = 1,716 FT 2/SEC2 .R, X from equation (23) has

a value of approximately .00357*R/FT.

Equation (16) may be integrated to obtain a relation between altitude and

temperature;

T - T = + X (h - ho ) (25)
0 -0

From Equations (21)and (25)pressure and altitude are both expressed in terms

of temperature. An equation may now be written by combining (21) and (25) to

solve for the pressure at altitude in terms of temperature and altitude-

Solve Equation (21) in terms of T and substitute into Equation (25).

Dividing by + X one obtains:

h - h = [(o P XR/g (26)

To simplify Equation (26) let h o 0 altitude, and then rearranging, the

equation now reads:

P( X + h +1 (27)

00

or, rewriting (26), using the minus sign for the lapse rate to mean decreasing

aemperature with increasing altitude one may write:

p AR/g P P, (28)

29
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Further simplification of Equation (28) yields:

= p ( - h) g/X(

At sea level with h = 0
0

p = 14.7 lb f/in
2

o

T = 519°R0

X = .00357 0R/ft

R = 1716 ft 2/(sec 2 ) (OR)

g = 32.2 ft/sec
2

Equation (29) now becomes:

P = [1.6676(1 - h/145378.)] 5.256 (30)

Equation (30) is used in the Main Program SFAI' to calculate the pressL -e at

any altitude between 0 and 36,089 ft. The P value is stored in the labeled

common named BLKI under the variable name PAMB. This makes the pressure value

available to the component subroutines that are altitude dependent such as

the reservoir subroutine.

Because of tih ai<rupt slope charges of the temperature-altitude relation-

ship, it is not puosible to express the atmospheric charactelistics as a

continuous function. Difetent equations apply in each thermal layer. fo

altitudes of 36,06i ' 5,000 it. the atmospheric temperature is constant.

To obtain a pressure altitude equation at these altitudes integrate equation *9)

as follows:

P h

dP - (31)

DI |

or or p hl-h

LN( ) = -T (32)
P1  R

30
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where P = pressure at altitude PSI

P1  = pressure at base altitude PSI

h = altitude (FT)

h = altitude at base layer (FT)

Solving equation (31) for P:

g (h-)
P = e h)] (33)

using the ICAD standard atmosphere

PI = 472.679 LB/FT 2* 3.2835 PSI
144 IN

2

hi = 36,089 FT

R = 1716 FT 2 /SEC 2  .R

T = 389.988 OR

g = 32.2 FT/SEC
2

p = 3.2825 * EXP(4.806 x 1075 (36089-h)) (34)

Equation (34) is used in SSFAN for the pressure-altitude equation for

36,089 to 65,000 FT.

To define a relation for the 65,000 to -50,000 FT regicn of the atmosphere,

the orthogonal polynominal method was used to fit least-squares polynomials

to data. A third degree equation (35) was derived from the 1962 standard

atmosphere data to obtain a reasonable correlation to the model atmosphere.

PAMB = ((867.42375-l.990498E-02(h)+l.549619E-07(h)-4.046556E-13(h)3 1/144. (35)

In equations (30), (34), (35) h represents the altitude. For any altitudes

greater than i50,000 ft. a pressure of 0 PSI is used in SSFAN for the value

of PAMB.

3.3 Assumptions

Not applicable.
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3.4 Computation

The logic involved in SSFAN concerns the selecting of the proper output

subroutines chosen by the user. The desired output types, which are read in

on the sixth data card, are stored in the PRINT array. The type output

number is converted to an integer called IPRINT. A computed Go To statement

will then select the proper output corresponding to the output type.

3.5 Approximations

The equations for viscosity-pressure correction and ambient pressure

are approximations as any attempt to mathematically formulate a physical

system would be. The pressure at altitude equations (30), (34), (35) are

based on a constant gravitational value 32.2 ft/sec2 for all altitudes. Air

is also assumed to be a perfect gas. These approximations will yield slightly

lower pressure values at high altitudes when compared with the standard

atmosphere tables.

3.6 Limitations

Not applicable.
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3.7 SSFAN Variable Names

Variable Description Dimensions

BLEG General purpose array

BPS Dynamic element junction storage array for --

sorting

BRANCHP Dynamic element data storage array

CALCI Matrix of coefficients

CALC2 NU matrix of constants --

CONNECT Static element data storage array

CONS Static element junction storage array --

for sorting

DDENS Array of weight density values input LB/FT 3

by user

DENS Fluid weight density at atmospheric LB/FT3

pressure

DTEMP Array of temperature values corresponding OF
to the DDENS array

D100 Weight density at 100
0F LB/FT3

EQDI Average diameter of leg IN

EQD2 Orifice diameter IN

ERR Error indicator

FLUIDF Viscosity-pressure correction factor at
1000F

FLUIDK Viscosity-pressure correction factor at
fluid temperature

FTYPE Array containing the system title and
fluid name

I Integer counter

ICENT Array containing number of non-zero elements --

in each column of CALCI

33
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3.7 (Continued)

Variable Description Dimensions

ICOL Array containing column location of --

each non-zero element of CALCI

IDES Storage array of element names

IDIAG Array which identifies which columns of --

CALC1 contain positive conductance values

IERROR Error indicator
0 = No program errors
+ = Program termination

ILEP Array of leg numbers with up and downstream
pressure points

INEG Array which stores the second appearance
of a negative conductance value

IORDER Array giving pivot selection based on
min-row min-column criteria

IPOL2 Integer counter

iRENT Array containing number of non-zero elements --

in each row of CALC1

!TER Iteration count

TTY Storage array of element types

TTYPE Integer element type

Integer counter

.(rNT Array identifying the number of non-zero --

entries in each column of CALCI

JCOL Array identifying the non-zero filled columns
of CALCI; the rows correspond to the rows of
CALCI; elements in each row correspond to
column number in each row of CALC1

JLM. Total number of pressure points in the system

JNEC Array which identifies which column in CALCI
contains the first appearance of a negative
conductance value in CALCI array

34
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I (Contlnuer.

Variable Description Dimensions

TRENT Array identifying the number of non-zero --

entries in each row of CALCI

J1, Element type indicator

J- Element type indicator

J3 Element type indicator

K Integer counter

M Integer counter

MI. Total number of legs

N Number of data cards for one element and --

number of fixed pressure points

NAB Total number of floating branch points --

NBP Total number of elements in BRANCHP array --

NBP2 Total length of BRANCHP array --

NC Total number of elements in CONNECT array --

NCT Integer indicator for number of data cards --

NC2 Total length of CONNECT array --

NJ3 Integer counter

NL Total length of BLEG & ILEP array --

NPQ Total number of rows in PQL array --

NPQL2 Array containing row location in BRANCHP --

array of element with fixed pressure

NVIS Total number of viscosity data points input --

by user

N16 Length of QT16 array

N17 Length of QT17 array
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3.7 (Continued)

Variable Description Dimensions

N18 Length of QT18 array

N19 Length of QT19 array

PAMB Atmospheric ambient pressure PSI

PQL Array containing calculated pressures, --

element types and junction numbers

PQL2 Array of constant pressure point junction --

PRINT Array containing output types --

QT15 Storage array for quasi-transient temperatures --

QT16 Storage array for additional element --

which used in quasi-transient calculations

QT17 Storage array for quasi-transient valve data

QT18 Storage array for quasi-transienr valve data --

TEMP Fluid temperature OF

TE'1PF Final fluid temperature OF

TEMPINC Fluid temperature increment OF

TEMP14 Fluid temperature at branch point array OF

TODAY Current Julian date

TYPE Element type

VISC Fluid viscosity at atmospheric pressure CENTISTOKES

VTEMP Temperature data values for viscosity input OF
by user

VVISC Viscosity data values input by user CENTISTOKES

VI00 Fluid viscosity at 100 F CENTISTOKES
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3.8 MAIN PROGRAM SSFAN LISTING

PROGRAM SSFAN(DATA,OUTPUT TAPE5-DATA,TAPE6OUTPTT)
C STEADY STATE F'LOW ANALYSIS ---- SSFAN 22 FEB 1979
C DATA INPUT - SORTING - STORAGE

DIMENSION lTY(30) ,IDES( 30) ,TYPE( 19)
DIMENSION BLANKI(l),BLANK2(1),8LANK3(l)
DIMENSION TEMP14(IOO,2)
DIMENSION QT15(3),QTI6(10,18),QT17(5,18),QTI8(5,18),QT19(108,1O)
DIAENSION CALCl(70,9),JCOL(70,5),CALC2(70),JRENT(70)
DIMENSION JCENT(70),IDIAG(70),JNEG(70),INEG(70)
DIMENSION I&ENT(70),ICENT(70),IORDER(70,3),ICOL(70,9)
COMMON TEMPF ,TEMPINC
COMMON AFBP(20) ,BRANCHP(70,22),CONNECT(100,8),ILEP(70,2)
COMMON AFBPS(20),BPS(70,6),CONSCLOO,3),BLEG(70,16),PQL(70,8)
,COM1MON /BLKI/TEMP,VISC,DENS,DLOO,PAMB,ALT,FLUIDF,FLUIDK,VIOO
COMMON /BLK2/VVISCC9),VTEM-P(9),DDENS(2),DTEMP(2),NVIS
COMMON /B3LK3/NPQL2C 20) ,PQL2(20)
COMRON / ELK7/ tERROR, ITER
COMMON /BLK8/TODAY( 1)
COH!MO1N /BLK9/FTYPE( 16) ,PRINT
DATA NiP2,NC2,NL,NPQ/70,100,70,70/,BCHK/--
DATA N16,Nl7,N18,Nl9/10,5,5,1O/
DATA ITY/1,2,3,4,5 ,6,7,8,9, 10,11,12,13,21,22,23,24,
125,31,32,33,34,35,36,37,38,91,92,100,100/
DATA IDESPTUBE',UN10N ,-CHECK VLV',ACTUATOR',
1-PUM-P ,-FILTER-,-PP-QPT-ACC-,'MOTOR ,'RESERVOIR',
2VSPECIAL-,-HOSE-,HEAT EXCU,-FLOAT BP-,45 DEG EL-,
3'9o DEC EL ,'REDICER' ,TEE-,-CROSS-,1l-WAY RSTR-,
4-2-WAY RST-,-RELIEF VLV-,4W-3P VL-,-3W-2P VLV-,
5-2W-2P VLV-,FLOW RE-,-ORF SIZER-,-APPX RESV-,
6-CNST P
CALL DATL(TODitY)
READ)(5,7)(FTYPE(M) ,M=1 ,8)

READ( 5,7)(FTYPE(M) ,M-9, 16)
CALL OPUT4
,4RITE(6 ,2)
WRITE(b, 1)

2 FORMAT(- ,33(-*),COLUM, XUMiES,33'*))
W14LTE(6,3)

3 FORMAT(' ',8(-1234567890-))
WRIT EC6,4)

4 FOR.IAT( -,5(8(+-),8(-$-)))
LE RROR-0
ERR-0.
NJ3-O
116-0
117-0
118-0
119-1
READ(5,12),NVIS,BLANKI(),(VVISC(),fl1,.NVIS)
READ( 5,I2)NVIS,I;LANK2( 1), VTLMP(.1) M -1 NVIS~
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3.8 (Continued)

READ( 5,15 )TEMP ,TEMPF ,TEMPI NC ,ALT ,PRINT
WRITE(6 .5)

5 FOR2MAT(/' CARD 1 -,23(+'),-TITLE',45('4))
WRITE(6,8)(FTYPE(M) ,M-1 ,8)
WRITE(6 ,b)

b FORMAT(/- CARD 2 ',23(+),-FLUID-,45(-4))
WRITE(6 ,8)(FTYPE(M) ,M-9,16)

7 FORMAT(8A10)
WRITE(6 ,9)

8 FORMAT(- - ,8Al0)
9 FORMAT(/- CARDS 3&4 ',9(-+),VISCUSITY-TEPERATURE DATA,35(-+')
WRlTE(6,13)NVIS,BLANKI(l),(VVISC(M),M-1,NVIS)
WRITE(6,13)NVLS,BLANK2(l) ,(VTEMP(M) ,M=1,NVIS)
WRITE(6 .10)

10 FORMAT(/' CARD 5 ',14('+),DENSITY-TEMPERATURE IAT-,35(+))l
WRITE(6,11)DDENS(l),DDENS(2),DTEMP(l),DTEMP(2)

11 FOR %IAT(- -,1F8.3)
12 F0RMAT(11,A7,9F8.2)
13 FORMAT(- -,1,A7,9F8.2)

WRITE(6 .14)
14 FORMAT(/- CARD 6 ',5(-4),-lNITIAL TEMP-FINAL TEMP-TEMP INCR-ALTIT

lUDE-PRINT-OPTiONS',12 ( 4'))
WRLITE(b,ll)TEMP,TEMPF,TESNIPINC,ALT,PRINT

15 FURI4AT(10F8.3)
WR1TZ(b, 16)

16 FORMAT(//IX,TPE,2X,-DESCRIPTION-,4X,-TYPE-,
12X,-DESCRIPTION,4X,-TYPE-,2X,-DESCRIPTION-,
2/lIX,4(4),2X,11-*-),4X,4(+),2X,11(-+),
34X,4(-4-),2X,1(+))
Do 17 1-1,10

17 wRiTE(b,18)LTrY(i),IDES(I),ITY(I-+10),IDES(I+10),ITY(1420),
IIDES(1+20)

18 FOUi.IAT(12X,12,3X,A10,6X, 12,3X,ALO,6X,I2,3X,AIO)
WRITE(6,19)

19 FORMA'(-CARDS 7 & O" -,27(-*),-ELEMENT OATA-,28(-4-))
WRITE(6,2)
WRITE(6 ,1)
WRITE(6 ,3)
WRITE(6,4)

20 READ(5,21)N1,BLANK3(1),(TYPE(M),N1-1,9)
NCT-1

21 FORNAT(Il,A7,9F8.3)
WRITE(6,22)NBLANK3(1) ,(TYPE(M1),M-1,9)

22 FORMAT(- -,11,07,9F8.3)
AN'.TYPE(1)
IF(AN.EQ.1..OR.AN.EQ.11.)CALL BLOSS(NCT,TYPE)

IF(N.GE.2)NCT-2
IF(BLANK3(1).EQ.BCHK)GO TO 24
ERREKR+I.
WRITE (6b,23)

23 FORM,%AT ( -,5X7-**ERROR*** DATA IN COLUMNS 2 TbIRU 8')
24 ITYPE-TY'E(I)
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3.8 (Continued)

IF(ITYPE.EQ.O)GO TO 58
1k.'(ITYPE.GT.1O)GU TO 25
LF(ITYI'E.GT.2)GO T) 35
GO TO (37,37),ITYPE

25 Jl-ITYPE/1O
J2=ITYPE-J1*1O
GO TO (26,27,28,30,30,30,30,30,29),Jl

26 GO TO (37,37,52,32,41,41,41,41,41),J2
GO To 30

27 GO TO (37,37,37,35,35),J2
GO To 30

28 GO TO (35,37,35,35,35,35,35,35),J2
GO To 30

29 GO TO (35,35),J2
30 ERR-ERR+1.

14RITE(6,31)
31 FORMIAT( - ,11X,--**ERROR*** ILLEGAL ELEMENT TYPE-)

GO To 56
32 Do 33 J3=3,9

IF(TYPE(J3).EQ.O.)G0 To 34
'J3-NJ3+1I
TEMP14(NJ3 ,2)-TYPE(2)

33 T9MP14((NJ3) ,l)-TYPE(J3)
34 GO TiO 5 4
35 NBP-NgP+l

DO 36 J-1,17
3b 8RANCR4P(Niff+(J-1)*NBP2)..TYPECJ)

GO TO 54
37 NC-NC41

IF(N.GE.2)WKITE(6,57)(TYPE(M) ,M,-10,19)
IF(N.GE.2)CALL BLOSS(NCT,TYPE)
IF(N.EQ.NCT)GU To 39

38 REAIU(5,15)(TYPE(M),M-1O,19)
WRirE(6,57)(TYPE(M) ,M-1O, 19)
CALL KLOSS(NCT,TYPE)
NCT-NCT4 1
IF(NCT.EQ.N)GO TO 39
GO To 38

39 DO 40 J-1,8
40 CONNEGT(NC+(J-1)*NC2)=TYPE(J)

GO TO 54
41 IF(N.EQ.2)WRITE(6,57)(TYPE(M),Mi-10,19)

J33ITYPE-l 4
GO TO (42,44,46,48,50),J3

42 DO) 43 1-1.3
J-1+1

43 QT15(I)-TYPE(J)
GO To 54

44 116-116+1
Do 45 1-1,18
J 141

45 QT 1116,I)-TYPE(J)
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3.8 (Continued)

GO TO 54
46 117=117*1

DO 47 1-1,18
J-I~ 1

47 QT17(117,I)-TYPE(J)
Go To 54

48 118-118+1
3-1+1

49 QT18(118,I)-TYPE(J)
GO TO 54

50 119=119+1
DO 51 1-1,5
3=1+1

51 QT19(1I9)-TYPE(J)
GO TO 54

52 DO 53 J-2,9
IF(TYPE(J).EQ.O.)GO TO 54
NAB=NAB+1

53 AFiIP(NAB)-TYPE(J)
54 DO 55 1-=1,19
55 TYPE(M)-O.

GO To 20
56 IF(N.EQ.2)WRITE(6,57)(TYPE(x),M-10,19)

GO TO 20
57 FOK IAT(' ',1F8.3)
58 CONTINUE

CALL VLSD
1FCALT.LE.36089.)PAN\B.(1.6676*(1.-ALT/145378.))**5.256
IF(ALT.GT .36089 .AND.ALT. LE .65E3)PAAB=3. 2825
I *EXPC4.8O6E-5*(36089.-ALT))
IFCALT.GT.65E3.AND.ALT.LE.15E4)ArtB=(867.42375-1.990498E-2*ALT
1 41.549619E-7*(ALT**2)-4.O46556E-13*(ALT**3))/144.
IF(ALT .GT.15E4)PAMB-.0197361
CALL SDSORT(AFBP,BRANCHPI,CONNECTAFIPS)BPS,CONS,N1P2,NC2)
IF(IiiRROR.GT.O)GO TO 76
CALL BUILD(ILEP,CONS,BPS,AFLSPS,BLEG,PQL,NBP2,NC2,NL,NPQ,

I BRANCli P, CONNECT ,ML)
DJO 59 I-1,NPQ

59 PQL( 147*NPQ)I.TEMP
DO 61 1-1,NPQ
IF(PQLCI).EQ.O.)GO TO 62
DO 60 J-1,100
If(-rEIPI4(J,l).EQ.O.)GO TO 61
DO 60 K=3,6
IF(TEA,-Pj4(J,1) EQ .PQL(I+K*NPQ))PQL(1+7*NPQ)-TEMP14(J,2)

6u CONTINUE
61 CONTINUE
b2 CONTIN~UE

DO 64 1-1,NL
IF(1LZP(1).EQ.U.)G0 T0 65
BLEG( I+2*NL).slO.
1hF(LEG(1+b*NL).EQ.0.)UU TO 63
EQDIwSLEG( 1+3*NL)**4
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3.8 (Continued)

EQD2-kBLEGC I+6*NL)**4
BLEG(1+3*NL)-i((EQD1*EQD2)/(EQDl+EQV2))**.25
BLEG( I+6*NL)0O.

63 BLEG(I+7*NL)-.OOOI
BLEG( I+4*NL)mO.
IFCBLEG(I+3*NL) .EQ.O.)BLEG(I+12*NL)-2.
IF(BLEG(I43*NL) .EQ.O.)BLEG(I+3*NL)-l.
BLEG(1413*NL)-(PQL(ILEPCI)+7*NPQ)4PQLCILEP(I4NL)+7*NPQ))/2.
TEMP-BLEG( I+13*NL)
VISC-O.
CALL VISD
FLUIDK-CFLUIDF**(560./(46O.+TEMP)) )*.00023
BLEG( 1414*NL)-FLUIDK

64 BLEG( I+15*NL)=VISC
65 N-0

JEM=O
IPQL2-O
DO 66 I-1,NBP2
IF(PQL(I).EQ.O.)GO TO 67
JEM4-JEII-4
LF(PQL(I).EQ-.)GO TO 66
N-N4
IPQL2ZIPQL2-4 I
NPQL2( LPQL2)1l
PQL2( LPQL2 )-PQL( I)

66 CONTINUE
67 CONTINUE

IF(PRINT.EQ.L.)GO TO 68
IF(PRINT.EQ.2.)GO To 69
IF(PKINT.EQ.3.)G;O TO 70
Go TO 71

68 WRITE(6,72)(I,(ILEP(I ,J) ,J-1 ,2) ,I-1,ML)
69 WRL'E(6,73)((PQL(I,J),J-1,8),I-1,JEM)
70 WRIrE(6,74)((BLEG(I,J),J-1,16),I-1,ML)
71 CONTINUE
72 FORMAT(3110)
73 FORM.AT(8FI2.3)
74 FOFU-lAT(8Fl4.4)

CALL OPUT4
CALL OPUT3(ILEP,BLEG,NL ,AQL,NPQ)
IF((QT15(2)-QT15(l)).LE.O.)G0 TO 75
CALL QTCALC(BRANCR~P,NBP2 ,PQIL,NPQ,BLEG,I1LEP,NL,QT16,N16,
1QT17,Nl7,QT18,NlS,QT19,N19, ILN,JEM,CALC1,JCUL,CALC2,
2.1AENT,.JCENiT,IDIAG,JNEG,INEG,IRENT,ICENTE,10RDERICOL,PQL2,NPQL

2 )

GO Tro 76
75 CALL CALC(NL,N,JEMB~iLEG,PQL,CALCIJCOL,CALC2,JRENT,JCENT',

I[I)IAG,JNEG,INEG,kiANCIPNBP2,NL,ILEP,IRENT,ICENT,IORDER,ICOL,
2NP( )
CALL OPUT4
CALL OPUT2(lLEI',13LEG,NL,PQL,NPQ)

76 CONTIN~UE
ENU
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PREhiM i PA BLAK-ANOT FILb&D

SECTION IV

DATA INPUT

The Input section of the Main Program is designed to minimize

user time and effort in the preparation of the data deck. All data cards

are divided into 10 cclumns of 8 characters each, with only the title card

and fLuid name card not following this format.

The first six cards of the data deck contain the system parameter.

They along with the last data card are the only cards that must be inserted

in a specific order. The system parameters include the system title, flu:i

name, viscosity-temperature data points, density-temperature data points,

system operating temperature, altitude and the type of data

output. The remainder of the deck contains the system element date.

The description of how the element physical data is entered on the cards

along with any other information concerning the data deck setup may be

found in the SSFAN Users Manual (AFAPL-TR-76-43, Vol. V).

The Input has no restriction as to the placing of element data cards

in the data deck. Each element card or cards depending on the type of element,

may be inserted in any order. If new elements are added to the system, the

data cards containing these elements may be located anywhere the user finds

it best to insert them. The Input section of the program processps

each element individually, therefore a rigid format for element order in

the data deck need not be followed.

The final card for data input has a zero element type. The reading of a

zero element type will terminate the data processing.
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Figure 10 presents a simple flow chart for the input processing of

the data deck. The SSFAN Main Program reads in the data cards and writes

out the data exactly as it was read in. The data is processed one card at

a time for system parameter cards, and one or more cards for element data.

The data is stored in the appropriate array as it is read in. If the data

being processed is a tube or hose, its cnergy loss coefficient is computed

and stored before another card is read. When an illegal format occurs

on a data card an error message is printed out and the processing continues

with the next card. The card with element type zero causes the main

program to stop reading data cards.

Figure 11 presents a summary of data card input parameters for all

elements.

Refer to Figure 12 for examples of data cards written out exactly

as thev were read in.
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READ DATA
CARD/S

YESI 0EN0

IGURE i YE0IEERO

GENERALIZE DAA/ INPT LOACAR
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4.1 MAIN PROGRAM DATA INPUT

The main program data input section reads the data from the data cards

which describe the system parameters and elements. The data is stored in

labeled and unlabeled common and other arrays for use by the main program

and the individual subroutines. All input is made using an 80 column card

field as the basic format. The program reads one or more cards as required

by the system element models. Any element type that is not listed in the

SSFAN users manual as being a valid element will be rejected by the program

which will print out an error message.

If the element is a tube or a hose with bends, the energy loss coefficient

is calculated by BLOSS subroutine and stored with the element data. The

bend angles are then discarded.
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. :esFriionc ot Data nput

I.e data input section nas two basic tasks to perform. " flow

'1oigram ot this data processing is presented in Figure 13. "'he first

task ;nvolves the reading in of the system parameters. A separate read

*tatement is used to input each of these cards. The first two cards are

the title and fluid name cards to be used wherever the system title or

fluid name must appear in the program. The title card data is read

into a labeled common (BLK9) whose array name is FTYPE. Cards three

and four contain the viscosity-temperature data for the hydraulic fluid to

be used in the system. This data is stored in BLK2 under array names VVISC

and VTEMP. Also stored in BLK2 is the density-temperature data contained

on card five. The final value stored in BLK2 is the number of viscosity

data points which are used later in the viscosity interpolation subroutine

VISD. This valu. is read off the viscosity data card. The last or

sixth card of the system parameters contains the system initial and final

temperature and temperature increment (for multiple temperature runs),

altitude and type of output requested. The temperature and altitude are

stored in BLK1 and the output types are inserted into BLK9 in the PRINT

array.

The second task sorts the system elements into their respective arrays.

One element is processed at a time. The read statement will input as many

data cards that are needed to fully describe a system element. This

information is temporarily put into a buffer array named TYPE. After the

element type is converted to an integer (ITYPE), a computed Go To

corresponds the type number with a statement number. A do loop at each

statement number empties the buffer array into the proper element array.
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o7

DATA INPUT

SYSTEM PARAMETERS
*TITLE
*FLUID NAME
*VISCOSITY DATA PO INTS
"TEMPERATURE DATA POINTS

DENSITY -TEMPERATURE DATA
SYSTEM TEMPERATURE, ALTITUDE,
OUTPUT TYPE

STORE SYSTEM
PARAMETERS IN
LABELED COMMON BLOCKS

4

ELEMENT T
FGRTYPEE"1

DAENT DATA INPUT ENDED

WRIT YESINVALID
ERROR ELEMENT TYPE

MESSAGEOR DATA IN
MESSAGEWRONG FIELD

COMPUTED GO TO I

[e

FOR TYPE

LOSS COEFF

FIGURE 13

DATA INPUT FLOW DIAGRAM
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All the basic input data are stored in AFBP, BRANCHP or CONNECT arrays.

CONNECT array contains all the static elements (elements which have resistance

coefficients calculated and stored and are not recalculated during the

iterative calculations). BRANCHP array contains all dynamic elements (elements

whose resistance coefficients are recalculated each iteration). AFBP array

contains junction numbers input by the user to have pressures calculated

which otherwise would not be calculated. Variable temperatures at branch

points are stored in TEMP14 array. Quasi-transient calculation data are

stored in arrays QT15, QTI6, QTI7, QT18 and QTl9.

Figures 14 and 15 are summaries of data contained in CONNECT and

BRANCHP arrays respectively. Figures 16 , 17 and 18 are actual computer

printouts of data contained in CONNECT, AFBP and BRANCHP arra>'s respect ively,

from SSFAN Sample Case Number i.

4.1.2 Computat-ions

BLOSS subroutine calculates energy loss coefficients for tubes and

hoses. Figure 19 is the flow diagram for BLOSS. See Appendix C for

detailed calculation method.

The DO loop parameters are set depending on the number ,of cards being

read. The ratio of bend radius to inside diameter is set to 3.X (OD/ID) 0

for tubes and 8. for hoses. To change either value requires changing the

number on the appropriate card in BLOSS subroutine. Each bend angle is

read from the TYPE data array one at a time, energy loss coefficient calculated

and summed into a temporary storage location (ECOEF). When all the bend

angles on one card are processed, ECOEF is summed into column 7 of the tube

or hose data, replacing thc first hend angle that was inputt.
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4.1.3 Error Messages

Should the user insert an invalid element number, the type number

(ITYPE), generated from the integer truncation of TYPE(1) will cause

an error message to be printed.

The message "Error - Illegal Element Type" is printed below

the data, see Figure 20.

1 1.000 225.000 220.000 4.000 .020 78.200 97.000 89.000 90.000
1 2.000 15.000 225°000 4.000 4.000 -0.000 -0.000 -0.000 -0.000
1 26.000 200.000 205.000 8.000 8.000 -0.000 -0.000 -0.000 -0.000

O**ERROR*** ILLEGAL EL4ENT TYPE
1.000 190.000 200.000 8.000 .028 128.500 91.000 31.000 68.000

FIGURE 20

Illegal Element Number Output
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If data is entered in columns 2 thru 8 of any data card, an error

message will be generated. The error message will be printed

immediately below the input data, as shown in Figure 21.

2 1.000 205.000 210.000 8.000 .028 14-.300 23.000 38.000 90.000

83.000 121.000 150.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000

2 5 5.000 5.000 10.000 15.000 16.000 12.000 4.0003750.000350.000

e**LEkR*** DATA IN COULLAS 2 Td±<J 8
50.0003000.0002950.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000

1 2.000 245.000 250.000 10.000 10.000 -0.000 -0.000 -0.000 -0.000

FIGURE 21

Illegal Format Output

The number of elements should not exceed the array storage allocated

for them in the main program. If this occurs the excess elements of a

particular type will be stored in the last location of the element array

over any information that has previously been placed there. With termination

of the data input operation system assembly begins.
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4.1.4 Main Program Data Input Section Variable Names

Refer to section 3.7 for a variable name listing.
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4.1.5 Main Program Data -Input Section Listing

READ( 5, 7)(FYPE(1) ,M4=9 16)
CALL OPUT4
WRITE(6,2)
WRITE(6, 1)

2 FOJRMAT(' ,33'*),'COLUMN NqUM4BFR,33'*'))
WRITE(6,3)

3 FORMAT(- - ,8(-1234567890-))
WRITE (6 ,4)

4 FORMAT(- -,5(8(+-),8(-$)))
ERR-0.
NJ 3=0
N16-0
N 17-0
N 18-0
N 19-0
READ(5,12)NiVIS,BLANK1(1),(VVISC(MI),11,NVIS)
READ)(5,12)iVIS,kBLANK2( 1),(VTEMP(Mt),M1 1,NVIS)
READ( 5,15)DDENS (1) ,DDENS(2), DTEMp( 1) ,DTEMP(2)
READ( 5,15) TEMP, TEt-PF, T KIPINC,ALT, (PRI NT(M) ,M- 1, 4)
WRITE(6 ,5)

5 FORMAT(/' CARD) I -,23(+),-TITLE',45('+))
WRITE(6,8)(FTYPE(M),11 1,8)
WRITEi(6,6)

6 FORMIAT(/- CARD 2 -,23(+),'FLUIn',45-+-))
WRITE(6,8)(FTYPE(M) ,M-9,16)

7 FORHAT(8A10)
WRITE(6,9)

8 FORIIAT(- - ,8A10)
9 FORMIAT(/' CARDS 3&4 -,9-+),VISCSITY-TE4PRATURE IATA,35-+-))

WRITE(6, 13)N4VIS ,BLANKI( 1), (VVISC(M) ,M=1 ,NVLS)
WRITE(6,13)N4VIS,BLANK2(l) ,(VTEMP(l) ,M=I ,NVIS)
WRITE(6, 10)

10 FORiIAT(/' CARD 5 - ,14('+),DENSITY-T IPERATURE D)ATA,35('+))
WRITE(6,11)DDENS(l),DDENS(2),DTEM4P(l),OTEMP(2)

11 FORIMAT( ',10F8.3)
12 FORM1AT(II,A7,9F8.2)
13 FORAAT(- ,I1,A7,9F8.2)

WRITE(b ,14)
14 FORMAT(/- CARD 6 -,5(o4),-INITIAL TEMP-FINAL TEM.,P-TEM4P INCR-ALTIT

IUDE-PRINT-OPTIONS , 12( +'))
WRITE(6,11)TEMP,TErIPF,TEMPINC,ALT,(PRINT(Mt),M-I,4)

15 FOR.ILAT(10E8.3)
WRITE(6,16)

16 FORMAT(//11,TYPE,2x,'DESCRIPTION,4x,7TYPE',
12X,-DESCRIPTION-,4X,-TYPE-,2X,oDFSCRIP'ION',

34X,4(+) ,2X,11(+))
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4.1.5 (Continued)

DO 17 1-1,10
17 WR1'ITE(6,18)ITYCI),IDES(I)ITY(1+1o),InS(I+1o),ITY(1+

2 U),
11DES(I+20)

18 FOR -IAT( 12X, 12,3X,A10,6X,I2 ,3X,A1O,6X,12 ,3X,A1J)
WRITE(6 ,19)

19 FORLAT('1CARDS 7 & ON -,27(-+),'L:IENT ATA,28(+))
WR ITEC 6 ,2)
1WRITE(6,I)
WRITE(6,3)
WRITE(6,4)

20 READ(5,21)N4,BLANK3(1),(TYPE()M19)
NCT-1

21 FORAff(11 A7,9F8.31()WRITE( 2 2)NBLANK(1 ,(TYPE(,M),N-1,9)
22 FORM4AT(' ',1,A7,9F'8.3)

A.N=-TYPE( 1)
IF(AN.EQ.1..OR,.AN.EQ.I11.)CALL BLOSS(NCT,TYPE)
IF(N.G;E.2)READ(5,15)(TYE(tl) ,M=10, 19)
IF(N.GE.2)NCT=2
IF(8LANK3(1).E(Q.BCHK)cO TO 24
ERR-ERR+l.
WRIT(6 ,23)

23 F0RR1AT(' -,5X,'^**ERKOR*** DATA IN COLUMNS 2 TuIRU 8')
24 ITYPE-TYPE(l)

IiF(ITYPE.EQ.O)c() To 5J
IF(ITYPE.GT.10)GO TO 25
IF(ITYPE.GT.2)GO To 35
GO To (37,37),ITYPE

25 JI=ITYPE,1 10
32-ITYPE-J1*10
Go TO (26,27 ,28,30,3U,3O,30,3O,29) ,Jl

26 Go To ( 3 7 ,3 7 ,5 2 ,32,41,41,41,41,41),J2
GO To 30

27 GO TO (37,37,37,35,35),J2
GO To 30

2800O TO ( 3 5 ,3 7 ,35,35,35,35,35,35),j2
GO To 30

29 GO TO (35,35),J2
30 ERR-ERR+1.

WRITIE(6, 31)
31 FOR14AT(' ,1lX,'^**-RROR*** ILLEGAL F.LF.ME T TYPE-)

GO To 56
32 Do 33 J3-3,9

IF(TYPE(J3).EQ.O.)Go To 34
NJ 3-NJ 3+1
TEMPl4(NJ3 ,2)-TYI'E(2)

33 TE14P4(NJ3),1)=TYP6(J3)
34 GO TO 54
35 NBI'-NdP+l

Ik'(N.EQ.2)WRITE(6 ,57)(TYPE(i) ,M-1O, 19)
Do 36 J-1,17

36 Bi(ANCHP(NiP+J)*NBP2)inTYPE(J)
GO To 54

37 NC-NC+1
IF(N.GE.2)WRITE(6,57)(TYPE(N) ,M-1O, 19) 

4
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4.1.5 (Continued)

IF(N.GE.2)CALL BLOSS(NCT,TYPE)
IF(N.EQ.NCT)G) TO 39

38 READ(5,15)(TYPE(M),M=1O,19)

WRITIE(6,57)(TYPE(M),X=1O ,19)
CALL IKLOSS(NCT,TYPE)
NCT=NCT+1
IF(NCTr.EO.N)GO To 39
GO To 38

39 Do 4j j=1,8
40 CONNECT(NC+(J-1)*NC2)=TYE(J)

GO TO 54
41 IF(N.EQ.2)WRITE(6,57)(TYPE(M1),M=-10,19)

J3=ITYPE-14
Go To (42,44,46,48,50),j3

42 DO 43 1=1,3
J-1+1

43 QT15(I)=TYPE(J)
Go To 54

44 N16=J16+1
Do 45 I=1,18

45 QT]6(N16,1)=TYPE(J)
GO TO 54

40 '417=NI7+1
DO 47 I=1,18
J = +1

47 QT17(N17,I)=TYPE(J)
Go TO 54

46 N18-!418+1
J=1+1

49 QlTld(Nl.3,1)=TYPC(J)
Go TO 54

50 N19=N19+1
DO 51 1=1,5
J = +1

51 QT19(I,Nl4)=TYPEF(J)
Go To 54

52 D0 53 J=2,9
1F(TYPE(J).E0.0.)GO TO 54
NMtNAH+ I

53 AFBP(NAB)=TYPE(J)

54 DO 55 M-=1,19
55 TYPE(M)=O.

GO TO 20

GO TO 20
57 FOR.AT(' 40lF8.3)
58 CONTINUEi

CALL VISO
IF(ALT.LF.368.)AMHi(1.6676*(1.-ALT/145378.))**5.256
IF(ALT.GT.36069.AND.ALT .LE.65FE3)PA1I1-3 .2825
I *iEXP(4.8O6E-5*(36O89.-ALT))
IF(ALTr.GT.65E3.ANID.Al.T.LE.15E4)PAAII-(867.42375-1.990498E-2*ALT
I +1.5496191L-7*(A!.T**2)-4.O46556FE-13*(AL.T**3))/144.

IF(ALT .GT. 15F-'4)PA~iliI.01973bI
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4.1.6 BLOSqS Subroutine Variable Names

Variable Description Units

Al Part of energy loss coefficient --

B Bend angle DEG.

B1 Part of energy loss coefficient --

BRAT Bend Ratio

Cl Part of energy loss coefficient

DIA Tube of hose I.D. IN

ECFF Energy loss coefficient for 1 bend --

ECOEF Summation of individual energy loss --

coefficients ECFF

K Location for first bend angle to be read --

in TYPE array

K(Ci Counter to determine whether or not the card --

proci:; ;ed i,; t he first card

lo'ation for la,;t bend angle to he read in --

TYPE array

M Counter

NCT Indicator from main program to determine which --

data to process

TYPE Temporary data storage array --
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4.1.7 -BLOSS- SulbroutineListinr,

SUBRkOUT1AW BWS. ( NCTJYPE)

EC012=O.
KCT 0O
L--9

K=7
IF(NCTi.GT.1)K=10
IF (ACCr..1) Li-19
IF(t.YP().Q.1.)C) '10 1

BkNI'=3.*(TYPL(4)/16. )/DIA

1 DIA='IYPL(5)

2 WY 7 I=K,L
Kcr=Kc + 1
B=TYPL( I)

IF(i3.kQ.0.)GC) '1 7

Al=-3. 9762G6E-10*B**4+2 .8475E-.7*13**3-9. 23298E-5*3**2
1+1. 74517E-2*i3

W~ '10 4
3 A1=1.39+(3-130. )*3.3333E-3
4 IF(BRAT.GT.30.)CO 'Mi 5

Bl=.26982*3I<AT**(-. 49421)
GO -AC) 6

5 ;3=.0335411-(BkAT-30.)*4L-4
6 Cl=l.

ECFF-=Al*z3*Cl
ECOLF=L~t.F+zCFF

7 CONTIN~UE~
'IYPL(7)=T'iPL( 7)+l:COLF
DO 8 ;.1=10,19

8 CO,'if INUL
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SECTION V

SYSTEM ASSEMBLY AND INITIAL CALCULATION

The system is assembled into legs from the individual elements.

Starting with a pump or Type 7 accumulator flow or pressure source, a leg

is assembled using a continuity search for the element containing the matching

junction number. As each element is located, static resistance factors

are calculated and stored. When a match is found and the element is a branch

point element, the leg is ended and a new leg is started. If an element

is a dynamic element (elements whose data are updated during the iteration

calculation) identifiers are placed in the element data array. This procedure

continues until all legs are assembled.

Figure 22 is a general flow diagram for system assembly.
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FIGURE 22
SYSTEM ASSEMBLY FLOW DIAGRAM
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5.1 SYSTEM ASSEMBLY SUBROUTINES

Subroutine SDSORT takes the element type number and junction number

data from arrays AFBP, BRANCHP and CONNECT, Figures 16 , 17 and 18 and places

the data in arrays AFBPS, BPS and CONS. The AFBPS, BPS and CONS arrays are

used during the leg building process only, and the data contained therein is

destroyed as the legs are built, see Figures 23 and 24 for before and after

leg building. The data in BPS array is arranged according to ascending element

type number with types 5 and 7 placed at the beginning of the array. Column

6 of BPS array contains the row location of the element in BRANCHP array.

SORTP subroutine is used to sort the data in BPS array in ascending order by

type number except that type 5 and type 7 data are placed at the top of the

array. This minimizes the search for connecting elements during the building

process.

Subroutine BUILD performs the leg building. The first element in BPS

array is used to start the first leg if it is an element type 5 or type 7.

If no element type 5 or type 7 is available, an error message is printed,

see Figure 25. A search is made for the element having a matching junction

number. When a matching element junction is found, the outlet port junction

of the new element is set as the port junction search number. If a branch

point element junction is in the junction match, the leg is ended and a new leg

is started. A new leg will not be started from a branch point element unless

there has already been a junction assembled from that element or the element

is a type 5 or type 7. Therefore inactive elements may be left in the data

cards when checking different system configurations, and will not be assembled

into the system as long as the junction numbers do not match any of the active

system element numbers.
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As each element is encountered in building a leg, static resistance

coefficients are calculated by SCONSTI, SCONST2 or SCONST3 subroutine. These

resistance coefficients are summed into BLEG array, columns 8, 9, 10 and

11, see Figure 7 . SCONST1 calculates static resistance coefficients for

connecting type elements all stored in CONNECT array. SCONST2 calculates

static resistance coefficients for elements in BRANCHP array which are not

branch point elements such as check valves, filters, etc. SCONST3 calculates

static resistance coefficients for all branch point elements stored in

BRANCHP array.

During assembly, branch point numbers are placed in the BRANCHP array

for all elements that are branch point elements, see Figure 26 A (-I)

is placed in column 21 for these same elements. For elements that are

not branch point elements (Types 3, 6, 10, 31 and 33) in BRANCHP array,

the leg number in which it is assembled is placed in column 21. The

column 21 identifiers are used to indicate leg placement of calculations.

If a (-I.) or leg number is not placed in column 21, the element is inactive

and will not be called for calculation during the iteration calculation

program section.

***E~l Oj*** NO PJ.1P Oil TYPE 7 PRESSURE OR FLOV SOURCE

FIGURE 25 Error Message - No element type 5

or type 7 available
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5.1.1 SDSORT AND SORTP SUBROUTINES

SDSORT subroutines builds the AFBPS, BPS and CONS arrays which are used

for leg building. The junction numbers from AFBP are placed directly into AFBPS.

Element type and junction numbers are taken from BRANCHP and CONNECT and placed

in BPS and CONS respectively. Additionally, the data in BPS is placed in ascending

order by element type through SORTP subroutine except that types 5 and 7 are placed

at the beginning of the array. Column 6 of BPS is used to cross-reference the line

location of the element in BRANCHP array. Figure 27 presents a generalized

flow diagram of SDSORT.

( Place Junction Numbers of AFBP
Array into AFBPS Array

( lace Element Type and Junction
Numbers of CONNECT Array
into CONS Array

lace Element Type and Junction
Numbers of BRANCHP Array
into BPS Array

Sort BPS Array Elements into
Ascending Order with Types 5
and 7 at Beginning Using

SORTP Subroutine

GP79.Og-1.t3

FIGURE 27 SD3ORT-SORTP FLOW DIAGRAM
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5.1.1.1 SDSORT AND SORTP VARIABLE NAMES

Variables Description Dimensions

AFBP Array Containing Type 13 Junction --

Numbers

AFBPS Array Containing Type 13 Junction
Numbers

BPS Array Containing Dynamic Element

Types and Junction Numbers

BRANCHP Array Containing all Data for

Dynamic Elements

CONNECT Array Containing all Data for
Static Elements

CONS Array Containing Static Element Types

and Junction Numbers

DBP Variable Used for Temporary Storage

of BPS Array Variable During Sorting

Element Typcs

I Do Loop Counter --

ITYPE Element Type

J Do Loop Counter --

Jl Integer Value of Element Type Divided --

by 10

J2 Unit's Integer Value of

Element Type

MAXT Maximum Value of Element Type Used

in System Data

N Indicator Used for Each Dynamic

Element for Transfer of Junction
Numbers to BPS Array from BRANCHP
Array

NBP Counter Used for Current Location

in BPS Array

NBPI Counter Used to Search all Locations

beyond NBP Location in BPS Array

NBP2 Total Length of BRANCHP Array --

NC2 Total Length of Connect Array --

NPA Count of Number of Type 5 and --

Type 7 Elements

NPP Actual Count of Number of Elements in
BPS
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5.1-1.2 SDSORT and SORTP Subroutine Listings

SUBROUTINE SDSORT(AFBP,BRANCHP,CONNE1f,AFBPSBPSCONSNBP2,NC2)
C BUILD ARRAYS FOR SORTING DATA 5/23/79

DIMENSION AFBP(1) ,BRANCHP(1) ,CONNECT(l)
DIMENSION AFBPS(1) ,BPS(1) ,CONS(l)
DO 1 1-1,1000
IF(AFBP(I).EQ.0.)GO TO 2

1 AFBPS(I)-AFBP(I)
2 DO 3 1-1,10000
IF(CONNECT(I).EQ.O.)GO To 4
DO 3 J-1,3

3 CONSCI+CJ-1)*NC2)=CONNECT(I+(J-1)*NC2)
4 DO 16 1-1,10000

IFCBRANCHP(I).EQ.O.)GO To 17
ITYPEmBRANCHP( I)
IF(ITYPE.GT.10)GO TO 5
GO TO (7,7,11,11,12,11,10,12,12,11) ,ITYPE

5 IF(ITYPE.EQ.11)GO TO 7
IF(ITYPE.EQ.12)GO TO 11
Ji =ITYPE/ 10
J2-ITYPE.-Jl*10
IF(J1.GT.3)GO TO 11
GO TO (7,6,9),Jl

6 IF(IT'YPE.EQ.25)GU TO 13
GO TO 12

7 WRITE(6,8)ITYPE
8 FOR14AT('ILLEGAL ELEMENT TYPE-,14)
GO TO 16

9 IFCITYPE.EQ.34)GO To 13
IF(ITYPE.EQ.35)GO TO 12

GOTO 14

GO TO 14
13 N-5
14 DO 15 J-1,N
15 BPSCI+(J-1)*NBP2)-BRANCHP(I+(J-1)*NBP2)

BPS( I+5*NBP2)-I
16 CONTINUE
17 CONTINUE

NPA-0
DO 18 1-1,10000
IF(BPS(I).EQ.o.)GO TO 19
IF(BPS(l).EQ.7. .OR.BPS(I).EQ.5.)NPA-NPA+1

18 CONTI UE
19 IF(NPA.EQ.O)GO To 27

N BP-0
Do 20 1-1,10000

76



5.1.1.2 (Continued)

IF(BPS(I).EQ.O.)Go TO 21
IFCBPs(I).NE.5.)GO TO 20
CALL SORTP(I,BPS,NBP,NBP2)

20 CONTINUE
21 DO 22 1-1,10000

IFCBPS(I).EQ.O.)GO TO 23
IFCBPS(I).NE.7.)Go TO 22
CALL SORTP(I,I$PS,NBP,NBP2)

22 CONTINUE
23 MAXT-BPS(1)

NPP-O
DO 24 1-1,10000
IF(BPS(I).EQ.O.)GO TO 25
NP P-NP Pi-
IF(BPS( I) .GT .MAXT)M4AXT-BPS( I)

24 CONTINUE
25 DO 26 J-3,NAXT

NBP1-NBP+l
Do 26 I-NBP1,NPP
IF(BPSCI).NE.J)GO To 26
CALL SORTP(I ,iPS,NBP,NBP2)

26 CONTINUE
GO To 29

27 WRITE(6,28)
28 FORM4AT('***ERROR*** NO PUMP OR TYPE 7 PRESSURE OR FLOW SOURCE')

RETURN
29 CONTINUE

RETURN
END
SUBROUTINE SORTP(I ,BPS,NBP,NBP2)
DIMENSION BPS(1)
NB P-NB P+l
DO 1 J-1,6
DBP-BPS (NBP+(i-1) *NBP2)
BPS(NBP+(J-1 )*NBP2)-BPS( I-1(J-1 )*NBP2)

1 BPS(I+(J-1)*NBP2)..DBP
RETURN
END
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5.1.2 BUILD SUBROUTINE

Subroutine BUILD assembles the elements into legs, see Figure 28 for flow

diagram. An initial search is made of AFBPS and BPS to determine whether any

junction point number input into AFBPS is contained in BPS. If there is a

duplication, the junction number in AFBPS is set to (-l.). PQL array is built

next. Each branch point element in BPS array is assigned pressure point number(s)

in PQL by its row number. If the pressure point is used as a fixed pressure for

the iteration a positive pressure valve is assigned. If the pressure is calculated

during the iteration, a (-1.) is assigned, see Figure 6. AFBPS is then searched

and all remaining junction numbers (ones that have not been set to -i.) are assigned

pressure point numbers.

The first leg is started with a type 5 pump or type 7 flow, pressure or accumulator

source. To begin a leg, BEGM is set to 1. This is used as an indicator for some elements.

SCONSTI, SCONST2 and SCONST3 are called for the appropriate elements to place resistance

factors in BLEG array. At the end of a leg BEGM is set to 0. This also is used as

an indicator. Leg building continues until no more ports are available. After all

element legs are assembled, internal legs are added for type 4, 8, 36, 37 and 38.

ILEP array is next built. This array contains the pressure point number

at the end of each leg. The row location in ILEP corresponds to the row in BLEG.

Figure 29 is an example of the leg assembly output data.
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5.1.2.1 BUILD Variable Names

Variable Description Dimension

Inlet port size IN or 16th IN

AFBPS Array containing type 13 junction numbers --

ALEN Total length IN

BEGM Market indciator for leg 0 = begin leg
1 = end leg

BJCT Port Number

BLEG General purpose array

BPS Dynamic element junction storage array for sorting

BRANCHP Dynamic element data storage array

BRP1 Branch point number at beginning of leg --

BRP2 Branch point number at end of leg --

CONNECT Static element data storage array

CONS Static element junction storage array for sorting --

DIAL Sum of diameter x length IN2

DIAO Previous element diameter IN

I Integer counter

IBLOC Element row location in BPS array --

IBRLOC Row location of element in BRANCHP array --

ILEP Array of leg numbers with up and downstream
pressure points

11 Location of port in AFBPS array --

IlC Indicator to check outlet port to see if a type 13 --

had been input

J,K Integer counters

KBP Counter for number of branch points --

81



5.1.2.1 (Continued)

Variable Description Dimension

KP Integer Counter

L Integer Counter

LEG Row number in BLEG array

LL Integer counter

M Integer counter

ML Total number of legs

N Integer counter

NBP2 Total length of BRANCHP array

NC2 Total length of CONS array

NL Total length of BLEG and ILEP arrays --

NN Indicator for storing assembly direction in
BRANCHP array

NP Counter for number of pumps

NPC Port column location in CONS array --

NPQ Total rows in PQL array

NT Column indicator for storing leg numbers in --

BRANCHP array

Ni Indicator for number of junctions in element --

PMI Junction number at beginning of leg --

PM2 Junction number at end of leg

PORT Junction number currently being investigated

P0L Array containing calculated pressures, element

types and junction numbers

SUM Summation of diameter x length IN2

SUlMI Summation of lengths IN
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5.1.2.1 (Continued)

Variable Description Dimension

TI Indicator for element type 7 subtype --

TLEN Inlet port length IN

TLN Summation of inlet and outlet port lengths IN

TLNS Total leg length IN

TY Element type

TYL Row location of junction number in PQL array --
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5.1.2.2 BUILD Subroutine Listing

SUB3ROUTINE kBUILD(ILEP,C0N'S,1PS,AFBPS,3LEG,,PQL,Ni3P2,NC2,NL,NPQ,
1 BRANCHP, ,CONNECT ,ML1)
DIAENSION AFBPS(),BPS(1),CONS(l),BLEG(),PQL(1),ILEP(l)
DIENSION isRANCHP(l) ,CON.NECT(l)
NP =0
LEG=OJ
ix) 4 L=1,100
IF(AFIKPS(L).ELQ.O.)GO 'TO 5
DO 2 i,1=1,100O
IF(bPS(u!).Eq.O.)GO TO 4
TY=i3PS (M)
IF(TY.EQ.3. .OR.TY.EQ.6. .ORt.TY.EQ .1O. .OR.TY.EQ.31.

1.OR.TY.EQ.33.)GO To 2
DO 1 N=2,5

1 CONTINUE
2 CONTINUE

Uo 'TO 4
3 Afi6PS(L)=-l.
4 CONTINUE
5 CONTINUE

KBP=O
DO 14 I=1,10000
IFG3PS(I).EQ.O.)GO To 15
TY=bPS( I)

1.OR.TY.EQ.33.)GO ro 14
IF(TY.EQ.7..QR.TY.Eq .24..Ot',.TY.EQ.25.)GO TO 8
IF(FY.E' .4. .Ol .TY.EQ4.36. .ol.TY.EQ.37. .01.TY.EQ.38..OR.TY.EQ?.91. .0

lR.TY.Eq4.'2.)GO TO 12
IF(TrY.EQi.5. .UA.TY.E .8. .OR.TY.EQ.9..OiL,.TY.EQ?.35.)GU TO 13
N1=5

C ****BUILD) PQL ARRAY***
6 Do) 7 J=2,NL

IF(TY.Ey,).3. .AP~i.. 3kS(I+(J-1 )*,Ni~f2).EQ .0. )GO TO 14

KBP=K6P+l

P!QL(KiP)=-1.
?-qL(AFQ(+K.iP)=l

1l"( [Y.LQ.9. .A,;o.J .Eq.4)PQL(KjlP)=5O.
PQL( KdP+2*NPQ)=TY

7 PiL(KisP+3* ' qlQ)=!lPS( 1+(J-I )*%*,;P2)
GOu To 14

D)O 9) J=1,5
9 PQL( ks$P+(.J+l )*NFQ)=3PS( 1+( J-1 )*N' '!2)
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5.1.2.2 (continued)

IF(TY.EQ.24..RTYEQ25.)Go TO 14
T1=PBPS( I+3*.qLP2)
IF(r1.EQ.1..oL(.I.E(.4-)GO To 10
PQLCKBP)=3pS( 1+4*NzsP2)

10 00 11 KP=2 '4
E'qL( KBP+(2+iKP)*NVQ)=o.

11 PS(1+KP*NB?2)=0.
GO TO 14

12 1'1=3
Go To 6

L3 N;1=4
Go Tr0 6

14 co:z'TiNuE
15 DO 16 1=1,100

IF(A~iP~j).Q.0)GUTo 17
1F(AFBiPS(1).jEQ.-1.)GU rj 16
KBPk=KBV+l
PQL ( K 3P+2 *NP: 13.

PQL(KBP+3*NPQ )=AF8PS( I)
10 CONTIN UE
17 coi. T i.NuE

DO 18 1=1,4

18 CO N'rI NUE
TY=61,S( )
SU!I=o.
S UA 1=O.

K-1
1i'(TY.E~i.5.)Go fo 3o
IF('fY.LQ 7. )GO To 32

1) 110=0
Do 20 1=1,1000U
IF(k;0'(1).iQ-0)GO To 33
Ii(PO.AT.EQj.Cufs(1±,Mc2))Gu To 21

TO 26
20 C~o:"T iNuL

GO To 33
21 .JPG=2
22 oo 23 11=1,100

jo 2

23 cu" d1:4uI:
Go To 2 5

24 uLrG(LEL;+:4,)=a'O
ijLiW ;( LkG+3* NL) =SU. ISU, 11
kiLW( Li-.u41 2*.,L)=Tl.:iS

85



5.1.2.2 (Continued)

TLNS=O.
LEG=LEG+l
I3LiG( LEG)=PORT
LSE M=.
AFBPS(Il)=-l.
IF(IlC.EQ.1)CO TO 19

IF(TY.i(..3. .OR.TY.EQ.b. .OR.TY.EQ.1O. .Oi{.TY.EQ.31.
1.OR.TY.LQ.33.)GO TrO 45

25 IF(NPC.EQ.2)Gu To 27
GO To 29

26 NPC=3
GO To 22

27 PORT=CONS( I+2*NC2)
26S TY=CONS(I)

CON'S( I+NC2 )=O.
CONS3( 1+2*W2 )=O.
CALL SCOJ'ST(TLN,LEG,PORT,D1AODAL,AL,,NqC2,TY,i LLG,

1 NPc, NL,CGONNECT ,r~ihGm)
S IL i=SUL i+V [AL
SUti = SUA1I+ALEN
'rL.4S=TLNiS+TLN
GO TO 19

29 POitT=CONS(CI+NC2)
GO ro 28

30 PORT=BPS(K+2*J6iP2)
iiPS(K+2*NaBP2)=-1.

31 3LGA=1.
L?.G=LEG+l
3LEG( L6(G) =PORT
B3LEG( LEG+2*NL)=K
1IBkLOC=BPS(K$.*NkdP2)
BRINCiP (I IBiLOC+1 u*NBP2) =LEG
bKANCliP(1IiRLOC+2U*NiP2 )=-l.
A=BRANCHP( 16KL0C+5*N~k2)
IF( C rY.E( .7. )AB~~ I( BiKLoC+2*N is P2)
rLEtN=. 1
V 1AOU5.
CALL SPOi'T(TY,Bk.C.~ILEG,A,DADIAL,TLEN,BLEG;,NL)
ALU. =TL EN
SUISU, I+-D [AL
SU, 1=SUa1l+ALEA
TLi=. I
rLN~S-TL:.'S+TLN
GO TO 19

32 £'oRr-BPS(KsJtSe2)

Go ro 31
WO TO 19

3J uO 35 1-1,10000
IF(l;'S(1).EQ.O.)GO To 51
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5.1.2.2 (Continued)

Do 34 J=2.5
IF(aPS(I+(J-1)*NBp2).EqI-POaT)GO TO 36

34 CONTINUE~
35 CONTINUE

GO TO 51
36 TY-BPS(I)

I8RLOC=!;PS( I+5*N13P2)
IF(TY.tEQ.3. .OR.TY.EQ.6. .OR.TY.EQ.1...OR.TY.EQ.31.
1.OR.TY.EQ.33.)GO T0'43

BLEG( LEG+NL)=PORT
BLEG( LLG+4*NQL)=
BEG M=O.
CALL SCONST3(TLN4,LEG,PORT,DIAO,DIAL,ALE;,JTYBLEGNLBEtI
B1RA)Ncii' ,.qiP2 , I13RLOC)
SUM=IS',i I-iDIAL
SU,11 =SUM'l1+ALEN
TLNS=TLNS+TLN
BLEG ( LEG+3*NL) -SU.H/ SUrII
BLEG( LEG+I12* NL)=TLNS

TLLIS=O.
!;R,0CHP( I BaLOC+2*NBP2)=- 1.
IF(TY.EQ.9. .UN.TY.EO.24. .OR.TY.EQ.25. .OR.TY.EQ.91.)GO To 37
GO TO 33

37 Ik(TY.EQ.9.)NT=6+J
Ik'(TY.EQ.24.):4T-5+J
IF(TY.EQ.25. )NT-7+j
IF(rY.Eq.91 .)NT=6+J
IF(TY.E&q.9. .AND.J.EO.4)iBRAN~tIP(IIBKLOC+13*NISP2)-...
IF (TY. EQ. 24. )BRAMCfIP( IBRLOC+(NT+3)*N;P2).
IFC(TY.EQ -2 5. )3RAIV~CI(IBI(LUC+(Nr+4) *NB P2)-0.
6i{k". C IIIP( ILBRLOC+N-'T*NBP2) -LLG

3d DO 4J K=l,l0000

lF(I3PS(tK).EQ.O.)G0 TO 53
DU 39 L=2,5

39 CO,,T I4U E
Do 40 L-,5
IFiP(+Ll*B2.T0 %0AG..G TO 41

4U CONTINUE
Go TO 53

41 utBp((Ll*B2
BPS (r,*( L-1)*J)=.

TY-:IPS(K)

BLW.( LEG)-PURT
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5.1.2.2 (Continued)

BLEG(LEG+2*NL)-K
BEGMI1.
CALL SCONST3(TLN,LEU,POKtT,DIAO,DIAL,ALEN,L,TY,B3LEG,NL,BEGM,
13RXNCiW ,NBP2, I SRLUC)
bRANidP( 13RLOC+2U*NSP2)--1.
IF(TY.EQ.9. .OR.TY.EQ.24. .OK.TY.EQ.25. .OIR.TY.EQ.91.)GO TO 42
GO TO 19

42 ik(r.EQ. 9.)NT=Li+L
IF(TY.EQ.24. )NT=5+L
IF(iY.EQ.25.)NT-7+L
IF(TY .EQ.91.)NT-6+L
1F(TY.EQ.9. .AND.L.EQ.4)LRANCIIP(IBRLOC+13*NBP2)-l.
8RANCilP( 1JALOC+NT*NBP2 )=LEG
Ik(TY.EQ .24.)BRANCiIP(IjiRLOC+(NT+3)*NBP2)=1.
IFCTY.EQ.25.)B±RANCUiP(1BRLOC+(NT+4)*NB)2)-l.
GO TO 19

43 NPC=J
DO 44 11=1,100
IF(AFBPS(I1).EQ.O.)GO TO 45
IF(POA{T.EQ.AFBPS(Il))GO TO 24

44 CONTi UE
45 iPS(I+CJ-1)*AahP2)=-2.

BkRAACiIP( 1BRL0C+ 2O*NBP2 ) =LEG
CALL SC0OiST2(TLN ,LEG ,PORT, (,DI 1AL ,ALEN ,1,RLOC ,NBP2 ,TY,

I BLEG,N NL, BRAACHP, J)
SUA=SUA+DIAL
SU -.1SUllli+LEN
TL14S-TLNS+TLN
IFCTY.EQ.1O.)GO TO) 46
IE(TY.EQ.6. )N~i=l 2

IF(rY.EQ.3. .OR.TY.EQ .33.)NNI-6
Ip'CrY.EQ.31 . )N=1
Bk&ANCliP( IkRLOC+ JN*NllP2)-..
IF(J.EQ.3pj3RANCHP(IBRLOC+itN*NBP2)-2.

46 IF(J.(f.3)60, To 47
LX) TO (47,47,46),J

47 POKTr;PS(1+J*N6PZ)
SPS(CI+J*NBPZ )--2.
GO To 49

48PS(ITBP(I+NI2)

49 IIC-l

Do 50 hInl,1O0
h1F(AF3PS(l1).kq.O.)uo ro 19
IF(PORT.Eq.AF8PS(Il))GO T0 24

50 COZTINUE
GO To 19

51 WgUTE(6,52)PORT
52 FORM4AT(- ERROR --- C,%NNT FIN,) AATCH FOR PORT ,F8.3)



5.1.2.2 (Continued)

RETURN
53 DO 55 K-1,10000

IF(SPS(K).EQ.0.)GO TO 56
TY-BPS(K)
IF(8PS(K).EQ.7.)GO TO 54
IF(BPS(K).NE.5.)GO TO 55
IF(BPS(K+2*NBP2).EQ.-l.)G0 TO 55
GO To 30

54 IF(IBPS(K+NBP2).EQ.-l.)GO TO 55
GO To 32

55 CONTINUE
56 Do 61 1-1,10000

TY.'BRANCHP( I)
IF(TY.EQ.O.)GO TO 62
IF(TY.EQ.4..OR.TY.EQ.8..OR.TY.EQ.34..OR.TY.EQ.35..OR.TY.EQ.36..OR

1.TY.EQ.37..OR.TY.EQ.38.)GO TO 57

GO TO 61
57 LF.G-LEGfL

8LEG(LEG)-bRANCHP( I4NBP2)
BLEG(LEG4NL)-.BRANCHiP( I+2*NBP2)
DO 58 J-1,NPQ
IF(PQL(J+2*NPQ).EQ.O.)GO TO 60
IF(BLEU(LEG).EQ.PQL(J+3*NPQ).AND.BLEG(LEG+NL).EQ.PQLCJ41+3*NPQ))
IO TO 59

58 CONTINUE
C ****BUILD INTERNAL LEGS***

GO TO 60
59 TYL-PQL(J+NPQ)

BLEG( LEG+2*NL)-TYL
tLEG( LEG.4*NL)-TYL
BKANCI{P( I+15*NHP2 )-LEG

60 IF(TY.EQ.4..OR.TY.EQ.36..OR.TY.EQ.37..OR.TY.EQ.38.)GO To 61
IF(TY.EQ.8..ANV).BRAN'CHP(1+3*NBP2).EQ.0.)GO TO 61.
LEG-LEG41
BLEG(LEG)-VkANCIP( 1+HBP2)
BLEG( LEG+NL)-BRANCIP( I+3*NBP2)
BLEG( LEG+2*NL)-TYL
BLEG( LEG44*NL)-TYL
BRtANCIIP( 1416*NBP2 )-LEG
IF(TY.EQ.8.)GO TO 61
LEG-LEG4 I
BLEG(LEG)-BRANCIIP(143*NBP2)
BLEG(LEG4NL)-BRANCIP( 142*NBP2)
BLEUC LEG42*NL)-TYL
BLEG( LEG+4*NL)-TYL
6RKANCeIP( I+ 17*NBP2)a.LEG
IF(TY.EQ.35.)GO TO 61
LEG-LEG4I
HLEG( LEG )-BsRANCHP( I4NBP2)
BLEG( LEG+NL)-BRA'NCiIP( 144*NBP2)
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5.1.2.2 (Continued)

BLEG(LEG4 2*NL)-TYL
BLEG( LEG-4*NL)-TYL
BRANCHP( 1418*NBiP2 )-LEG
LEG-LEG4 1
BLEG( LEC)-BRANCHP(1F$4*NBP2)
BLEG( LEG*NL)-BRANCHP( 142*NBP2)
BLEG( LEG42*NL)-TYL
BLEG( LEG44*NL)-TYL
BRANCHP( I+19*NBP2 )-LEG

61 CONTINUE
62 CONTINUE

C ****BUILD ILEP ARRAY***
Do 65 1-1,10000
IF(BLEG(I).EQ.0.)GO To 66
PM1[IBLEG( I)
PM2-BLEG( I+NL)
BRPI-BLEG( I+2*NL)
BRP2'.BLEG( I+4*NL)
DO 64 J-1,10000
IF(PQL(J42*NPQ).EQ.0.)GO TO 65
D0 63 LL-3,6
IF(IPM1.EQ.PQL(J4NPQ*LL).AND.BRPI.EQ.PQL(J4NPQ))ILEP()nJ
ML- I
IF(PM42.EQ.PQLCJ+NPQ*LL).AND.BRP2.EQ.PQL(JtNPQ))ILEP(I4NL)=J

b3 CONTINUE
IF(PM1l.EQ PQL(J+NPQ*3).AND.PQL(J+2*NPQ).EQ.13.)ILEP(I)nJ
IF(PM2.EQ.PQL(J+NPQ*3) .AND.PQL(J42*NPQ).EQ.13.)ILEP(I+NL)nJ

b4 CU.NTINUE
65 CONTINUE
bb CON4TINUE

DO 66i 1-1,10000
TY-PQL( 142*NPQ)
IF(TY.EQ.O.)G0 TO 69
IBLOC-PQL( I+NPQ)
PQL( 1+NPQ)-O.
IF(TY.EQ.13. .OR.TY.EQ.24. .OR.TY.EQ.25.)GO To 68
BJCTfPQLC 143*NPQ)
I BRLOC-BPS( IBLOC45*NBP2)

IF(TY.EQ.7.)N-1
IF(TY.EQ.34. )N-4
IF(rY.EQ.5..OR.TY.EQJ.8..OR.TY.EQ.9..OR.TY.EQ.35.)N.3
DO 67 Jinl,N
IF( BJCT .EQ. BRANCHP( 1BRLOC+J*NBP2 ))BRANCIP( IBRLOC4 CJ+N)*NBP2)-

67 CONTINUE
68 CONTINUE
69 CONTINUE

RETURN
EN U
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5.1.3 SCONSTI, SCONST2 and SCONST3 Subroutines

Subroutines SCONSTI, SCONST2 and SCONST3 are used to calculate static resistance

coefficients for individual elements. SCONSTI is used for element types 1, 2, 11,

12, 21, 22, 23 and 32 which are all contained in CONS and CONNECT arrays,

SCONST2 calculates the resistance coefficients for element types 3, 6, 10, 31

and 33. These elements are in BRANCHP and BPS array but are not branch point

elements. SCONST3 calculates resistance coefficients for the remaining elements

which are all branch point elements in BRANCHP and BPS arrays.

SCONSTl starts by routing the program flow to the proper calculation for

the element type. The frictional resistance for the length of the element is

calculated for each element. If there is a change in flow direction within the

element, an energy loss coefficient (DPEl) is assigned or calculated. An equivalent

orifice diameter is calculated for the type 32 restrictors and placed in BLEG

array. The type 12 heat exchanger calculation determines the resistance coefficient

for laminar and turbulent flow and places these in the appropriate BLEG columns.

A change in port size from inlet to outlet with a change in passage size such as

the reducer fitting energy loss is calculated in SPORT subroutine.

SCONST2 calculates the static resistance coefficients for the element type

designated above, using the inlet and outlet passage lengths. The calculation

is made through subroutine SPORT.

SCONST3 is similar to SCONST2 in that it calculates static resistance for

the length of the port passage. Leg number data is also placed in BRANCHP array.
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5.1.3.1 SCONSTI Variable Names

Variable Description Dimension

A Inlet port size IN or 16th IN

ALEN Total length 
IN

ALT Altitude 
FT

B Outlet port size IN or 16th IN
0 = Begin leg __

BEGM Marker indicator for leg 1 = End leg

RLEG General prupose array

BI Port size IN or 16th IN

CD Orifice discharge coefficient --

CDI Orifice discharge coefficient --

CKL Laminar flow coefficient

CKT Turbulen flow coefficient

CONNECT Static element data storage array

C2 Rated pressure drop PSI

C3 Rated flow (;PM

DENS Fluid weight density at atmospheric pressure 
.B/FT3

DEQ Equivalent orifice diameter 
IN

DIA Port diameter IN

DIAL Sum of diameter x length 
IN2

DIALI Diameter x length inlet IN2

DIAL2 Diameter x length outlet IN-

DIA() Previous element diameter 
IN

DP1 Rated pressure drop PSI

DPE Equivalent pressure drop PSI
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5.1.3.1 (Continued)

Variable Description Dimension

DPEI Resistance Coefficient

DPL Laminar pressure drop PSI

DPT Turbulent pressure drop PSI

DI Previous equivalent orifice diameter IN

DIO Weight density at 100*F LB/FT3

FLUIDF Viscosity-pressure correction factor at 100 F --

FLUIDK Viscosity-pressure correction factor at fluid --

temperature

I Integer counter

LEG Row number in BLEG array

NC2 Total rows in CONNECT array

NL Total length of BLEG and ILEP arrays --

NPC Port indicator

OD Tube outside diameter IN

ORFD Orifice diameter IN

PAMB Atmospheric ambient pressure PSI

PORT Junction number cufrently being investigated --

Q Rated flow GPM

TEMP Fluid temperature OF

TLEN Inlet port length IN

TLEN1 Outlet port length IN

TLN Summation of inlet and outlet port lengths IN

Ty Element type

V Rated viscosity CENTISTOKES

VISC Fluid viscosity at atmospheric pressure CENTISTOKES
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5.1.3.1 (Continued) - SCONST2 Variable Names

Variable Description Dimension

A Inlet port size IN or 16th IN

ALEN Total length IN

ALT Altitude FT

B Outlet port size IN or 16th IN

BLEG General purpose array

BRANCHP Dynamic element data storage array --

DENS Fluid weight density at atmospheric pressure LB/FT3

DIAL Sum of diameter x length IN2

DIALl Diameter x length inlet IN2

DIAL2 Diameter x length outlet IN2

DIAO Previous element diameter IN

D1O0 Weight density at 100*F LB/FT3

FLUIDF Viscosity-pressure correction factor at HOO0 F

FLUIDK Viscosity-pressure correction factor at fluid
temperature

IBRLOC Row location of element in BRANCHP array

J Indicator for inlet (2) or outlet (3) port

LEG Row number in BLEG array

NBP2 Total length of BRONCHP array

NL Total length of BLEG and ILEP arrays --

PAMB Atmospheric ambient pressure PSI

PORT Junction number currently being investigated

TEMP Fluid temperature OF

TLEN Inlet port length IN

94



5.1.3.1 (Continued)

Variable Description Dimension

TLENI Outlet port length IN

TLN Summation of inlet and outlet port lengths IN

Ty Element type

VISC Fluid viscosity at atmospheric pressure CENTISTOKES

Vl00 Fluid viscosity at 100*F CENTISTOKES
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5.1.3.1 (Continued) - SCONST3 Variable Names

Variable Descrintion Dimension

A Inlet port size IN or 16th IN

ALEN Total length IN

ALT Altitude FT

B Outlet port size IN or 16th IN

BEGM Marker indicator for leg 0 = begin leg
I = end leg

BLEG General purpose array

BRANCHP Dynamic element data storage array --

DENS Fluid weight density at atmospheric pressure LB/FT 3

DIAL Sum of diameter x length IN2

DIALI Diameter x length inlet IN2

DIAL2 Diameter x length outlet IN2

DIAO Previous element diameter IN

D100 Weight density at 100'F LB,'FT 3

FLUIDF Viscosity-pressure correction factor at 100'F --

FKYUDJ Viscosity-pressure correction factor at fluid --

temperature

IBRLOC Row location of element in BRANCHP array --

J Indicator for inlet (2) or outlet (3) port --

LEG Row number in BLEG array

NBP2 Total length of BRANCHP array

NL Total length of BLEG and ILEP arrays --

NI Assembly indicator to indicate which port first --

assembled

N2 Inlet (3) and outlet (4) port indicator --

PAMB Atmospheric ambient pressure PSI
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5.1.3.1 (Continued)

Variable Description Dimension

PORT Junction number currently being investigated -_

TEMP Fluid temperature OF

TLEN Inlet port length IN

TLEAI Outletoport length IN
TLN Summation of inlet and outlet port lengths IN

Ty Element type

VISC Fluid viscosity at atmospheric pressure CENTISTOKES

V100 Fluid viscosity at 100'F CENTISTOKES
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5.1.3.2 SCONSTi , SCONST2 anld SCONST3 Subroutine Listing

SUBROUTINE SCONST1(TLN,LEGPORT,DIAO,DIAL,ALEN
4 I ,NC2,TY,dLEG,NPC

I ,NL.CONNECT,SEG1)
C RESISTANCE CONSTANTS FOR TUBE REV 9/20/79

DIMENSION BLEG(l),CONNECT(l)
COMMON /BLK1/TEMP,VISC,DENS,DlOU,PAMB ALTFLUlDF,FLUIDK,V1O
IF(TY.EQ.21.)GO TO 2
IF(TY.EQ.22.)GO TO 6
IF(TY.EQ.2. .OR.TY.EQ.23. .OR.TY.EQ.32. .OR.TY.EQ.12.)GO To 7
IF(TY.EQ.11.)GO TO 8
3D-CO NNECT( L+3*NC2)
IF(OD.GE.4. )OV-OD/16.
DIA-OD-( 2. *CUNECTC I+4*NC2))
TLEN-CONNECT( I+5*NC2)
A-DIA

I CALL SPORT(TY, BEGM,LEC,A,DIAO,DIAL,TLEN ,BLEG,NL)
AL EN -TLE N
TLN-TLEN
DPEI-CONNECT( I+6*NC2)
GO To 5

C RESISTANCE CONSTANTS FOR 45 DEG ELBOW REV 9/20/79
2 DPEI-.2179
3 A-CONNECT( I+3*NC2)
B-CONNECT( I*4*NC2)
IF(NPC.EQ.2)GO To 4
S1.-A
A-8
B-B I

4 TLEN-3.*A
CALL SPORT(TY,BEGM,LEG,A,DLAO DIALI ,TLEN,BLEC,NL)
TLENI-3.*a
CALL SPORT(TY,BEGM,LEG,B,DIAO,DIAL2,TLEN1,BLEGNL)
TL N-3. *A43. *B
ALE N-TLEN-+TLEN 1
D IAL-DIAL14DIAL2

5 DPE-DPEL*((1.799E-5*DIOO)/(A**4))
ksLEG( LEG4 lO*NL)=BLECC LEG+10*NL)+DpE
IF(TY.EQ.32.)Go To 9
IF(ry.Eq.12.)LCo To 1.2
RETURN

L RESISTANCE CONSTANTS FOR 90 DEG ELBOW REV 9/20/79
6 DPEI-1.2

Go To 3
C RESISTANCE CONSTANTS FOR REDUCER FTC UNION REV 9/20/79

7 DPEI-O.
GO To 3

CRESISTANCE CONSTANTS FOR dOSE REV 9/20/79
8 A-CONNECT(1+4*NC2)
TLEN-CONNECT( 145*NC2)
GO TU 1
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5.1.3.2 (Continued)

C RESISTANCE CONSTANTS FOR 2 WAY RESTRICTOR REV 9/20/79
9 0RFU=CONNECT(1+5*NC2)
CD1-C0NNECT( I+b*NC2)
Ik'(ORFD.ZQ.0. )URFD-.00001
IF(ORFD.GT. .9)GO T3J 11
CCD1/((.-ORFD/CONNiECT(L43*NC2))**4)**.5)

10 DPE=Dl00/( (236.*CORFD**2)*CD)**2)
13LEG( LEG+10*NL)-BLEGCLEG41O*NL)+DPE
Dl-BLEG( LEG+6*NL)
DEQ-ORFD
IF(DL .GT.O. )DEQ=((Dl**4*oki.o**4)/(D**4+ORFD**4))**.25
iBLEG( LEG+6*NL)=DEQ
RETURN

11 C2UCONNECTr(145*NC2)
C3-CONNECT( I+6*NC2)
ORk'L)(C3/(236.*.6*((C2/D100)**.5) ))**.5
CD--b
GO TO 10

C RESISTANCE CONSTANTS FOR BEAT EXCI{ REV 9/20/79
12 D)P=CONN1ECT(I45*NC2)

Q-CONNECT( 146*NC2)
V=CONNECT(I47*NC2)
CKL-DP/Q4
CKT-DP/(Q**l .75)
DPL-CKL*(V100/V)
DPT-CKT*((VI00/V)**.25)
BLEG( LEG+8*NL)-k5LEG(LEG48*NL)+DPL
BLEG( LEG+9*NL)-BLEGCLEG+9*NL)+DPT
RETURN
END
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5.1.3.2 (Continued) (SCONST2)

SUBRUUTINtL SCONST2( TLN ,LEG, PORr, DIAO ,DIAL ,ALEN ,IBRL.OC INBP2 , Ty,
ABLEG,NL,BrAI4JCHP,J)

DIv'IEL'bION BRANCHP(1) ,BLEG( 1)
CU,9l10o4 /B3LK1/TEI-1P,VISC ,Di4iS,D100,PAILi3,ANLT,FLUIDF,FLUIDK,V100
N2=4
IF(J.EQ.2)N2=3
IF(TY.LQ.1Q.)GO TO 2
N1=6
IF(1'Y.LQ.31. )N1=1O.

1 BYAJCiP( IIRC+N1*NBP2)=1.
IF(J.EQ.3)Bi.ANCHP( IBRLOC4Nl*NBP2)=2.

2 A=BM~NCtiP(hI3RLk12+3*N13P2)
t3=BRANCHP( IBRLUX+4*NBP2)
TLr..N3.*A
'rLEN1=3. *B
CALL SPUR1I'( rY, BEGNi,LEG ,A, DIAO ,DIALl ,TLEN ,BLkX; ,NL)
B}AAICHP( IBRLOCX243*Ni3P2 )=A
CALL SPOR-i(i,,iL1,LEG,I3,DIAU,DIAL2,TLLN,3LEG,NL)
BkkANCHP( 1d~RLC+4*\BI?2 ) =B
DIAU~diNiP(lI~L+i2*iP2)
TU-4=3. *A+3. *j3
ALLa4=TLLN+TLLN1
DIAiL-DIAL1+DIAL2
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5.1.3.2 (Continued) CSCONST3)

SUBROUTINE SCONST3(TLN ,LEG ,PORTDIAO,DIAL ,ALEN,J ,TY ,BLEG,NL9 BEGM,
1BRANCHP, NBP2 ,IBRLOC)
DIMENSION BLEG(l) ,BRANCIIP(l)
COMON /BLKI/TEM4P,VISC,DENS,D1OO,PAMB,ALT,FLUIDFFLUIDK,VLOO
IF(TY.EQ.7.)GO TO 1
IF(TY.EQ.24..OR.TY.EQ.5..OR.TY.EQ.8..OR.TY.EQ.9..OR.TY.EQ.35.)GO T

10 3
IF(TY.EQ.25..OR.TY.EQ.34..OR.TY.EQ.36.)GO TO 4
IF(TY.EQ.4..OR.TY.EQ.37..OR.TY.EQ.38..OR.TY.EQ.9l..OR.TY.EQ.92.)GO
1 To 5
1 A-BRANCHP( IBRLOC+2*NBP2)
2 TLEN-3.*A

CALL SPORT(TY,BEGM,LEG,A,DIAODIALI,TLEN,BLEG,NL)
IF(TY.EQ.24. )BRANCHP(IBRLOC+(J+2)*NBP2)-A
IF(TY.EQ.25. )BRANCHP(IBRLOC+(J+3)*NBP2)-A
ALEN-TLEN
TLN-3.*A
DIAL-DIAL1
IF(TY.EQ.4..OR.TY.EQ.5..OR.TY.EQ.7..OR.TY.EQ.8..OR.TY.EQ.9.

1.OR.TY.EQ.9l. .OR.TY.EQ.92.)GO To 6
RETURN

3 A-BRAl4CHP( IBRLOC+(J+2)*NBP2)
IF(TY.EQ.5. .AND.J.EQ.3)BRANCHP(I$RLOC+16*NBP2)-LEG
GO TO 2

4 A-BRANCHP( IBRL.OC+(J+3)*NBP2)
GO TO 2

5 A-BRANCH P (IBRLOC+( J+1 )*NBP2)
GO TO 2

6 IF(BEGM.EQ.O.)RETURN
TLEN1-.OOO1
B-3 .95
CALL SPORT(TY,BEGM,LEG,B,DIAO,DIAL2,TLEN,BLEG,NL)
ALE NTLEN+TLENI
DIAL-DIAL1+DIAL2
RETURN

7 CONTINUE
RETURN
END
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5.1.4 SPORT Subroutine

SPORT is called through the SCONSTI, SCONST2 and SCONST3 subroutines

for the primary purpose of calculating the static fluid resistance coefficient

for line and hose lengths, fitting and port lengths and changes in cross-

section. Values of resistance are summed directly into BLEG array. Figure

30 shows the general flow chart for the subroutine.

5.1.4.1 Description of Operation

Subroutine SPORT performs three tasks:

1) Converts port sizes to internal diameters if data is input using

size option.

2) Calculates static resistance coefficients using Functions SFRICL,

SFRICT, SKBS and SKSB.

3) Returns Diameter times Length term to BUILD subroutine for use

in calculating the average diameter of the leg.

First, a test is made to determine if the port size convention used

is the actual inside diameter or the equivalent tube size. If the input

size value is greater than zero and less than 3.999, the actual input value

for size is used. Input equivalent tube port sizes of 4.0 and greater may

be used.

Calculation of the laminar and turbulent frictional coefficients are

made through SFRICL and SFRICT functions respectively. Next, the local

energy loss is calculated with either SKBS or SKSB function. The laminar

frictional coefficient is summed into column 9 of BLEG array. The turbulent

frictional coefficient is summed into column 10 and the local energy loss

is summed into column 11.
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SUBROUTINE SPORT

LEG LEG NUMBER
A - ELEMENT INTERNAL DIAMETER

OR EQUIVALENT TUBE SIZE
OIAO -PREVIOUS ELEMENT DIAMETER
DIAL ELEMENT DIAMETER X ELEMENT

LENGTH

TLEN- ELEMENT LENGTH
NK -ELEMENT TYPE IDENTIFIER

FOR ERROR RETURN

TEST A FOR INTERNAL DIAMETER

OR EQUIVALENT TUBE SIZE

< 
O A IS CONVERTED 

TO

LT 3.999MS PORT SIZE

YES

]
CALCULATE LAMINAR RESISTANCE FUNCTION
SFRICL FOR DPCKL AND SUM INTO BLEG ARRAY

FIBLEG (LEG + 8 . NL) = OPCKL + BLEG (LEG + 8-. NL) I

0 0

____ I
CALCULATE TURBULENT RESISTANCE FUNCTION

[SFRICTLFOR DPCKT AND SUM INTO BLEG ARRAY

[ BLEG (LEG +9 9- NL) = DPCKT + 8LEG (LEG + 9-. NL)I

SCOMPARE ELEMENT DIAMETER WITH

PREVIOUS ELEMENT DIAMETER FOR LOCAL

ENERGY LOSS COEFFICIENT CALCULATION

~GP03-0437 14

FIGURE 30
SPORT SUBROUTINE GENERAL FLOW CHART
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CALCULATE LOCAL ENERGY LOSS COEFFICIENT CALCULATE LOCAL ENERGY LOSS COEFFICIENT
OPSK USING FUNCTION SKSB OPSK USING FUNCTION SKBS

LSUM COEFFICIENT INTO BLEG ARRAY

FLEG(LEG + 10-NL) = PSK +BLEG (LEG +10 NL)

CALCULATE DIAMETER X LENGTH

DIAL = TLEN*OIA

FIGURE 30 (Continued)
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A calculation of diameter times length (DIAL) is next made and the old

diameter (DIAO) is then set to the current element diameter for use in

calculating the next element local energy loss coefficient.
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5.1.4.2 SPORT Variable Names

Variable Description Dimension

A Inlet port size IN or 16th IN

AA Inlet port size IN

AB Temporary inlet port size IN or 16th IN

ALT Altitude FT

BEGM Marker Indicator for Leg 0 = begin leg
I = end leg

BLEG General purpose array

DENS Fluid weight density at atmospheric pressure LB/FT3

DIA Port diameter IN

DIAL Sum of diameter x length IN2

DIAO Previous element diameter IN

DPCKL Laminar pressure drop coefficient --

DPCKT Turbulent pressure drop coefficient --

DPSK Pressure drop coefficient due to change --

in section size

D1O0 Weight density at 100F LB/FT3

FLUIDF Viscosity-pressure correction factor at 100'F --

FLUIDK Viscosity-pressure correction factor at fluid --

temperature

LEG Row number in BLEG array

NI, Total length of BLEG and ILEP arrays --

PAMB Atmospheric ambient pressure PSI

SZ Inlet port size IN

SZI Intermediate calculation of port size --

SZ2 Intermediate calculation of port size --

TEMP Fluid temperature OF
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5.1.4.2 (Continued)

Variables Description Dimensions

TLEN Inlet port length IN

TY Element type

VISC Fluid viscosity at atmospheric pressure CENTISTOKES

V100 Fluid viscosity at 100'F CENTISTOKES
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5.1.4.3 SPORT Subroutine Listing

SUBROUTINE SPORT(TY,BEGM,LEG,A,DIAO,DIAL,TLEN,BLEG,NL)
COMMON /rLK1/TEMP,VISC,DENS,DIOO,PAM4B,ALT,FLUIDF,FLUIDK,V100
DIAENSION kJLEG(l)
LF(A.LT.3.999)GO TO 4
sz=O.
sZ1-O.

IF(A.LT.13.)GU TO I

IF(A.GT.32. )AiI-32.
SZ2-(A6-12. )* .004
IF(Ad.T.20.)SZ2-SZ2-.001
IF(Ad.GT.16.)SZ2=SZ2- .001
AA= 10.
Go To 2

1 AA=A
IF(A.EQ.1I. .OR.A.EQ.12.)AA-1O.

2 SZI.(AA-6.)*.Olb
IF(AA.crr.7.)SZ1-SZ1-.OO1

3 SZ-(A/lb.)-( .078+5Z1+SZ2)
TLEN-(TLkEN/A)*SZ
A-SZ

4 DIA-A
IIF(BEGM.EQ.0.)GO TO 5
Ii(fY.EQ.4..OR.TY.EQ.5..OR.TY.EQ.7..OR.TY.EQ1.8..OR.TY.EQ.9.
1.0R.TY.EQ.9l. .OR.TY.EQ.92.)DIAO05.
i,( rY.EQ.-24. .OR.TY.EQ.25. .OR.TY.EQ.34. .OR.TY.EQ.35. .OR.TY.EQ.36.

1.0 ..TY.EQ.37. .OR.TY.EQ.38.)DIAO-A
5 DPCKL-SFRICL(Vl00,TLEN,DIOO,DIA)

dLkC( LEG+d*NL)-DPCKL+B.EG( LEG+8*NL)
DPCi(T-SFRICT(VlOO,TLENOI)OU ,DA)
LiLE( LEG+9*N'L)-DPCKT+e3LEG( LEG49*NL)
IF(DIAO.LE.U.)C0 TO 6
LF(DIAO.GT.DIA)GL) To 7
0PSK-SKSd(DL.AO,DIA, 1)10)

6 DPSK-U.
GO TO 8

7 DFSK-SKBS(DIAO,DIAUlQU)
8 CONTINUE~

8iLEG( LEGIU14L) -PSK*BLhG( LEG+ IO*NlvL)
UI. L-TLKN*DI)A
UIAODUIA
A-DIA

EN u
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5.2 CALCULATION OF STATIC FLUID RESISTANCE COEFFICIENTS

Two types of fluid losses are considered in SSFAN. These are static

fluid resistance losses and dynamic losses. Dynamic losses are those for

which the resistance factor is calculated during the solution procedure

because the resistance equation used is dependent on flow magnitude flow

direction or pressure drop. Dynamic losses are discussed in section 6.

The fluid losses in the course of the motion of a fluid are due to the

irreversible transformation of mechanical energy into heat. This energy

transformation is due to the molecular and turbulent viscosity of the moving

medium.

There exist two different types of static fluid losses: 1) the

frictional losses; LP fr and 2) the local energy losses AP

The frictional losses are due to the viscosity (molecular and turbulent)

of the fluids, which manifests itself during their motion and is a result of

the exchange of momentum between molecules at laminar flow and between

individual particles of adjacent fluid layers moving at different velocities,

at turbulent flow. These losses take place along the entire length of

the pipe.

The local energy iusses appear at a disturbance of the normal flow

of the stream, such as its separation from the wall and the formation of

eddies at places of alteration of the pipe configuration where a tube

and a fitting join and at obstacles in the pipe. The losses of dynamic

pressure occurring with the discharge of the stream from a pipe into a

large volume such as a reservoir must also be classed as local energy losses.

The phenomenon of flow separation and eddy formation is linked with the

difference between the flow velocities in the cross section, and with a positive

a1 09
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pressure gradient along the stream, which appears when the motion is slowed

down in an expanding channel, in accordance with Bernoulli's equation.

The difference between the velocities in the cross section at a negative

pressure gradient does not lead to flow separation. The flow in

smoothly converging stretches is even more stable than in stretches of

constant section.

Static fluid resistance coefficients are calculated for all elements

through the SCONSTI, SCONST2 and SCONST3 subroutines.

These subroutines utilize the functions SFRICL, SFRICT, SKBS and

SKSB through SPORT subroutine.
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5.2.1 Static Resistance Functions

There are four static resistance functions. Fanction SFRICL calculates

a normalized pressure loss or resistance coefficient for laminar flow due

to the length of the element. Function SFRICT calculates the turbulent

coefficient for the same element.

Function SKSB calculates the normalized local energy loss coefficient for

flow from a small diameter element to a larger diameter element. Function

SKBS calculates the normalized local energy loss coefficient for flow from

a large diameter element to a smaller diameter element.

5.2.1.1 Description of Function Usage

The SFRICL, SFRICT, SKSB and SKBS functions generally are called from

SPORT subroutine. SFRICL and SFRIC utilize values for atmospheric viscosity

and density at 1000F, along with the passage diameter and the passage length.

The laminar and turbulent reference pressure drops or static resistance

coefficients are calculated for a flow of one gpm and passed back to the

calling subroutine.

SKSB and SKBS require the diameter of the previous assembled element

for calculation of the local energy loss. The atmospheric fluid density at

100°F is required, but not viscosity since the local energy loss is independent

of viscosity. These local resistance energy losses are referenced to one gpm

flow.
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5.2.1.2 Assumptions

The piping system is assumed to be circular and flow one-dimensional

for the fluid resistance calculations. Local energy losses are assumed

to occur at all connecting elements where there is a difference between

the passage diameters of the two elements.

5.2.1.3 Computations

Frictional Losses - The Darcy equation for head loss in circular pipes

may be derived by dimensional analysis or similitude and may be written

in the form of:

L V(1)
D 2g

where: hL - head loss in feet

f - friction factor

L - length of passage in feet

D - internal passage diameter in feet

V - fluid velocity in feet/second

g - acceleration of gravity - 32.2 feet per second per second

Using appropriate dimensional conversion factors, this equation may be

rewritten (Reference 3) as:
-5 i p Q2_(2

A P = 1.799 x 10- 5 f - (2
d d4(2

L P -- pressure drop psi

f - friction factor

1 - length of passage in inches

d - internal passage diameter in inches

0 - weight density of the fluid in pounds per cubic feet

Q - flow rate in gallons per minute
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Reynolds Number (Re) is a dimensionless ratio of the fluid inertia forces

to the viscous forces where:

Re= P MVd = Vd

u

u - absolute viscosity

v - kinematic viscosity

PM - mass density

d - internal diameter

V - fluid velocity

The friction factors in SSFAN are defined as a function of Reynolds

Number for laminar, transition and turbulent flows; therefore Reynolds Number

is most conveniently'defined in terms with

Q - gpm

v - centipoise

d - inches

With Re = Vd -- (3)
V

V - in per second

d - in

2v - in per second

Conversion to Q in terms of V is as follows:

1
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Q = 60 7 2
231 4

or V = 231 4 x Q

60 d 2

V = 4.902 (4)
d

The conversion of kinematic viscosity from in 2/sec to centistokes is

1 (centistoke) = 1.55 x 10- 3  (in 2/sec) (5)

or 1 (in 2/sec) = 645 (centistokes)

Substituting equations (4) and (5) into (3) yields

Re = 3161.77 Q (6)

dv

with Q - gpm

d - in

v - centistokes

The above equations are used in deriving the function equations.

Function SFRICL

SFRICL is a normalized equation for calculating the laminar frictional

pressure drop for a given passage length of constant cross-section. Using

a friction factor for laminar flow (Reference 5) of

f = 64
Re

114



and substituting equation (6) for Re in the friction factor term above,

f = 2.024 x 10 x (7)

Substituting equation (7) into equation (2) yields
-7 1 PQ dv

AP = 3.64 x 1Ox- x 4-xd d - Q

or AP = 3.64 x 1O 7 NpQ vl (8)
d4

To normalize the above equation for flow, viscosity and density, flow is

given a value of 1 gpm, viscosity is referenced to a viscosity at atmospheric

pressure and 100'F and density is referenced to density at atmospheric pressure

and 100*F, see Figure 31.

(length)

Q -p 10 0  10v

(1 gpm) I10

d(dia)

Laminar Flow Resistance

FIGURE 31
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The laminar resistance coefficient or normalized laminar pressure drop

may now be defined as K9 where the 9 indicates the column location of the

laminar resistance coefficients in BLEG array.

Equation (8) is now written in terms of the above reference viscosity,

density, and flow to be

SFRICL K9  = Po = 3.64 x 10-7 1 x 1 (9)9 lOOCREF) x 11lOO " 1001 9

P1 00 - weight density in lb/per cubic feet at atmospheric pressure

and 100*F

- kinematic viscosity in centistokes at atmospheric pressure

and 100'F

I - length of passage in inches

d - internal passage diameter in inches

The individual element K9 values are sur:1re for each leg since series

resistances are additive, see Figure 32.

K (U) K9(T)K9 (45EL 45* Elbow

Tube 2
Union ue 1 K9 (T2)

K9 (LEG) = ZK9

Elements

K9 (LEG) = K9 (U) + K9 (Tl) + K9(45 EL + K9 (T2)

Example for Summation of K9 Values

FIGURE 32
S *
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Using 100'F as a reference temperature ensures that all data is referenced

to a common reference point. It should be noted that some element

flow pressure drop data may be input for viscosities at temperatures

other than 100'F, but these data are converted to the 100°F reference

point within the specific subroutine.

Examination of equation (9) will show that when the K9 values of BLEG

array are multiplied by the factor

lPx _P x QLEG
P 100 , 100

- density corrected for temperature and pressure

V- viscosity corrected for temperature and pressure

The true AP will be calculated using the corrected viscosity and density

at pressure and temperature. This correction is made in Subroutine TTL and

is described more fully there. Equation (9) when multiplied by the above

factor will result in
,. P 3.64 x 10 - 7  

I
LAMINAR FRIC "x p QLEG p (10)

d 
4

Function SFRICT

SFRICT is a normalized equation for calculating the turbulent pressure

drop for a given passage length of constant cross-section.

Using the Blasius friction factor for turbulent flow (Reference 5),

f .316
(Re) .25

and substituting equation (6) for Re in the term above,

f 4.214 x 10
- 2  d 25 v.2 5

Q.
2 5
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Substituting this value of friction factor into equation (2) yields

-7 .25 .25 P2
LP = 7.591 x 10-  d' V 1

25 d d 4
Qd

or when terms are combined

AP = 7.591 x 10- 7  P1 V .25 QI.75 (11)
d 4.75

The normalized form of the equation is now found similar to SFRICL where

density and viscosity are referenced to atmospheric pressure and 100'F

with Q equal to 1 gpm.

The turbulent resistance coefficient or normalized turbulent pressure

drop may now be defined as K where 10 indicates the column location of

the turbulent resistance coefficients in BLEG array.

K0 = AP oo(REF) w 7.591 x 1-7 i00 i00 1 (12)
d4.75

with dimensions and designations as for equation (9) above.

Individual element K values are summed to give a total of

K1 0 (LEG) = E K10

ELEMENTS

When the BLEG K values are used by TTL for calculation, the K values

(equation (12)) are multiplied by

.25
x __ x 1.75

100 
100

II

4
I.',.



This then gives the actual AP corrected for viscosity and density at

temperature and pressure.

APTURBULENT FRIC 7.591 x 10
- 7  P ) . 1.75TUBLNT=I p 1 Q (13)

d 4.75

LOCAL ENERGY LOSSES

Losses which occur in a system of connected pipes and fittings

due to the change in diameter from one element to the next are termed local

energy losses. These are of two types: (1) sudden expansion and (2) sudden

contraction.

The case of sudden expansion (see Figure 33) is one in which the

momentum equation may be applied together with the Bernoulli equation to

obtain an energy loss expression in terms of velocities, (Reference 5). This

may be written in the form similar to the Darcy equation where:

PA- P2A = (V- V)
g

P - Pressure at 1

P2 - Pressure at 2

A2 - Area at 2

Q - Flow

p - Density

V1 - Fluid velocity at 1

V 2 - Fluid velocity at 2

g - Gravitational constant
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Sudden Expansion

FIGURE 33

Bernoulli's equation written between sections 1 and 2 with the

sudden expansion loss is

2 2 2

9g -P 2g p

where he - sudden expansion head loss

solving for (PI- 2 p in each equation and equating

= -s P (V -V) V 2 V1 + he
PA 2g 2 1 2g

Since Q/A 2  V V2t
he 2V 2 (V 2-V 1  - 2 

2 _ 12 (V1V2

2g 2g 2g
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From the Darcy equation

h2g D 2 2

E1 2 1 2

where K is K = \212(14)E E \D2/ J
Figure 34 shows a graph of this equation.

For a loss due to sudden contraction, see Figure 35.

1.0 .t

SU DDE N ENLARGEMENTI

0.2--

0.1 0,2 0.3 0 .4 0.5 0.6 0.7 P.8 0.9 1.0

FIGURE 34

Resistance Due to Sudden Enlargements and Contractions
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Sudden .ntraction

FIGURE 35
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The same analysis may be applied, provided that the amount of contraction

is known. The process of ionverting pressure energy into velocity

energy is very efficient. Therefore, the loss from 1 to 0 is small

compared with the reconversion of kinetic energy back to pressure energy

from 0 to 2. Applying the above equations, the expansion for the sectioa

from 0 to 2 is

hc - (V -V2 )2

2g

From the continuity equation

V0 Cc A 2  2 V2A 2

C - contraction coefficient
c

substituting
V2 2

c Cx 2c 
2g

For a sharp edged opening the term

Kc = ( - ) 2
C c

has experimentally been shown to be

K(c  = '5 i (15)
\ 2!

Figure 5-12 shows this equation in graph form

Function SXSB

SKSB is a normalized function for an energy loss when flow is

from a small passage to a larger passage.
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With KE replacing f 1 in equation (2)
d

LP = 1.799 x 10
- 5 KE Q 200QI

Expansion 4

KE - expansion energy loss coefficient

100 - fluid weight density 
at 100F(lb/ft

3

Q1 - flow in gpm (1 gpm)

d - upstream passage diameter in inches

SKSB calculates the normalized iP for a flow of 1 gpm and a fluid

density at 100'F. These energy loss terms are calculated individually

for applicable elements and summed for the entire leg where it is placed

into column 11 of BLEG array.

When the normalized -P is used by subroutine TTL, it is corrected

for actual flow and density as follows:

IP - 'P 2
corrected -'i00 X x Q

energy loss Expansion 100

- fluid weight density corrected for pressure

Q - Actual flow in leg in gpm

Function SKBS

SKBS is a normalized function for an energy loss when flow is from a

large diameter passage to a smaller diameter passage.

With K replacing f 1 in equation (2),c -

P100 -5 100 Q12
= 1.799 x 10 K 1

Contraction 
c4
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SKES calculates the normalized iP for a flow of 1 gpm and a fluid

density at 100F. These energy loss terms are calculated in a similar manner

to the SKSi3 terms fcr placement into column 11 of BLEG array

where - = P o0  + P 1 00

Expansion Contraction

The normalized -P is corrected for flow and density in :TL as follows:

-P = x _p x
ccrrected -1i0 -

energy loss contraction 100

5.2.1.4 Apprcximations

The tirbulent friction factor is approximated Dv .316 which is

ie.-
the Blasius law.

5.2.1.5 Limitations

Not applicable.

5.2.1.6 Function - SFRICL - SFRICT - SKSB - SKBS Variable Names

Variables Description Dimensions

ALEN Length of Passage or Section In

CK Discontinuity Factor --

D:A Internal Passage Diameter In

blO0 Fluid Weight Density at 100'F Lb/Ft 3

V00 Fluid Viscosity at 100SF Centipoise

DOLD Internal Diameter of Previous In
Element

DELIM Internal Diameter of Element In
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5.2.1.6 (Continued)

Variables Description Dimensions

FRIC Normalized Laminar Pressure Drop PSI/GPM

FRICT Normalized Turbulent Pressure Drop PqI/GPM ] '75

SFRICL Normalized Laminar Function for PSI/GPM

Frictional Resistance

SFRICT Normalized Turbulent Function for 
PSI/GPM

1 .75

Frictional Resistance

SKBS Normalized Discontinuity Function 
PSI/GPM

2

from Big to Small Diameter

SKSB Normalized Discontinuity Function from 
PSI/GPM

2

Small to Big Diameter
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5.2.1.7 SFRIGL - SFRICT - SKSB - SKBS Function Listing

FUNCTIONl SFi<ICL( Vl0, ALE, I 30, M)IN
C LAii JAi RLr'LRL.NCE PRESSUIZE DROP DATE (9/)3/74

FRIC=3.64L-7*VIIO*ALEN*D130*(DIA**(-4))
SF'RICL=FRIC
RLT'U RN
END
FUNCTiION SFRICT(VlflO, ALLN,D13l, DIA)

TUR3L1LNT RLFLNLNCL PRLSrJRL, DROP DATE 9/03/74
F'RICT=7. 591E-7*( V130**(.25) )*ALLN*ulJO*( DIA%**(-.*75))
SFRICT=FRICT
RETURNZ'
L ND
FUNCTION SiKS3(DOLD,OJEL -,,D1300)

DISCO'I.'UITfY CALCULATION SH7ALL TO 'IC \L9/37

CK=( 1.-((CDOL)/DLL. ) **2) )**2
SRS!3CJ*I.799E.5*D100*(D)OLD**(-4))
R LTU RN

LININ DKDULLI0

C DISCONTINUITY CALCUTLATION 31TO L)iALL 'ATE 9/03/74
C!,=.5*Cl..((DLL,-i/DOLi))**2))
SK3S=C*1.799L.5*D100*(DLLi**(-4))
RLTTJFIRN%
LND
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SECTION VI

CALCULATION AND ELEMENT SUBROUTINES

The solution procedure is totally controlled by the CALC subroutine.

The subroutines used for computations are divided into two sections. Section

6.1 describes the calculation subroutines which include CALC and TTL. These

subroutines comprise the solution procedure. Section 6.2 discusses the

dynamic element subroutines which supply information to the calculation

section.
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6.1 CALCULATION SUBROUTINES

The calculation subroutines are CALC and TTL. CALC controls the entire

solution procedure, and it computes the pressures and flows for the pressure,

return and suction systems of the modeled system. TTL updates all the dynamic

elements in the entire system and computes pressure drops in legs using the

current flow guess. Figure 36 is a general solution procedure flow chart

for the calculation subroutines.

The CALC subroutine is called from the Main Program SSFAN. The iteration

counters, flow tolerance, and computational arrays are initialized. The

actual calculation phase begins with a call to the TTL subroutine with the

initial flow guesses in the legs. The legs conductances are computed and a

call is made to SIMULT. New flows are calculated from the pressures and com-

pared with the old. If the convergence criteria is not met, a new iteration

is started.

After the system has converged one more iteration is performed because

some dynamic element calculations use the previous iteration pressure or flow

values.
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CALC SUBROUTINE

SET UP VARIABLES FOR

COMPUTATION

CALL TTL

SUBROUTINE

COMPUTE CONOUCTANrES

CALL SIMULT TO
SOLVE FOR PRESSURES

CALCULATE NEW
FLOWS IN LEGS

NO ALL
F LOWS

RETURN TO SSFAN

FIGURE 36
GENERAL SOLUTION PROCEDURE FLOW CHART

FOR THE CALCULATION SUBROUTINES

01P03-0594.1
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6.1.1 CALC SUBROUTINE

The CALC subroutine is responsible for the steady state calculations in

the system. CALC is called from the SSFAN Main Program - SSFAN. The subroutine

computes the pressures at all the system pressure points and flows in all the

legs, using resistance coefficients obtained from the TTL subroutine. Figure

37 is a generalized flow diagram of CALC.

On entry into CALC the CALCI and CALC2 storage location identification arrays

are built, the CALCI and CALC2 arrays are zeroed, then the computation phase

begins. All the dynamic elements have resistance coefficients calculated from

the TTL subroutine and stored in BLEG array, then the leg conductances are cal-

culated. These conductance values, along with constant factors, are then in-

serted into CALCI and CALC2 arrays. The SIMULT subroutine is called to compute

the new pressure values using the compressed matrix technique. These pressure

vi lues at the pressure points are used to calculate the new flow rates for the

legA in system. When all the flows pass the convergence test, program control

i. passed to SSFAN. Should the number of iterations exceed 60, CAIC terminitvs

•,,iti the mst recenl t values Of flow and pressure and prints out the iteration

1t' liOl t

6. . I.1 >iti 'lodel

A step-b'-step procedure of the solut ion process is outlined below for tile

CAi(, -tlI-ro tilie. A detailed mathematical explanation is flund ill App--ndix A

.Ithis ii~m,,iiii.

The CAI(C -;uhroit inie controls tile ent ire sol ut ion procedure. ie process u io;

',e -uimmirixed ini seven 51 ps

1. i I d t hie CAIII ;inl (CA1.C2 storage lo':it iii ideit ificit in arri\s.

. Zero tie CALCI iid CAIl.' irra's.

. Calli tle diimi. element sibroiutines aind comp,,te resistal'e COe, fi'i , llt

t r li nir, turliilent or Lr,insition flow through the TI subroil ille.
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CALC SUBROUTINE

BUILD SYSTEM PRESSURE
POINT IDENTIFICATION ARRAYSI(I Y

SOLVE FOR SYSTEM FLOWS
AND PRESSURES

CALL TTL TO UPDATE DYNAMIC
ELEMENTS AND CALCULATE
RESISTANCE COEFFICIENT

COMPUTE LEG CONDUCTANCES
AND ASSEMBLE THEM AND
CONSTANT FACTORS IN CALC1I

AND CALC2 ARRAYS

CALL SIMULT TO
SOLVE FOR PRESSURES

COMPUTE NEW FLOWS FOR LEGS

ALL NO

YES

DO ONE MORE
ITERATION TO
STABILIZE VALUES

RETURN

TO SSFAN
C.P03.0594-2

FIGURE 37
CALC GENERALIZED FLOW DIAGRAM
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4. Calculate the leg conductances and input them and other constant

factors ftom the dynamic element subroutines in the JALCI and CALC2

arrays.

5. Call SIMULT using the compressed matrix technique to solve the system

of linear algebraic equations for the variable pressure points.

6. Using the newly calculated pressures from the matrix solution compute

new flow rates for the legs.

7. Compare the new flows with the old. If the convergence criteria is

satisfied, or the solution procedure exceeded 60 iterations, return to

the Main Program. Otherwise go back to Step 1.

A computation made in the solution of the steady state values in CALC is

the calculation of QNEW. The purpose of this is to establish an error toler-

ance in flows that is reduced through iterations to meet the convergence

criteria as discussed in Section 2.2. The majority of the CALC subroutine

handles the bookkeeping necessary to manipulate the leg and pressure point

numbers in the system to a version that is easier for computations bv CALC.

6.1.1.2 Assumptions - See Appendix A.

6.1.1.3 Computations

On entering the CALC subroutine, the iteration counters and flow toler-

ance is set. Then the system pressure point identification arrays are built.

A detailed development of the system pressure point identification arrays

is found in Appendix A of this manual.

In the computation phase the CALC subroutine begins with initializing

the conductance matrix - CALCI, and the constant matrix - CALC2, to zero

values. (See Figure 3V for a flow diagram of the computation phase opera-

tion.) A call is now made to the TTL subroutine for each iteration.
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CALC SUBROUTINE TEST CONVERGENCE

ITER = 1 0TE0= DI1,

IBUILD) CALCI AND CALC2 STORAGE
[LOCATION IDENTIFICATION ARRAYSI

INITIALIZE CALCI LTIGM<I0
20 AND CALC2 MATRICES

TO ZERONOO

CALL TTL FOR _____NO

DYNAMIC ELEMENT 001BI
RESISTANCE COEFFICIENTS DBI

DO D0= 1, ML L CNIU
r ML =NO. OF LEGS

COMPUTE CONDUCTANCESCOVREa=D+NW
GCID) = ABS (0(10))/BLEG (10, 6)

ASSEMBLE CONDUCTANCES AND
CONSTANT FACTORS INTO THE CALCI TE
AND CALC2 ARRAYS T0YE

SOLVE FOR PRESSURES
CALSIMULT IE E TR=IE

COMPUTE NEW FLOWSNO2

DO I= 1,ML SAFOr -- ML = NO. OF LEGS DATA OUTPUT

(INEW

(PUPSTREAM PDOWNSTREAM) GLE G

GP03-o04-3

FIGURE 36
CALC SUBROUTINE OPERATION
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The first and last leg numbers of the system to be solved by CALC are passed

through the subroutine arguments. TTL returns the value of leg pressure drop

to the BLEG array in column six.

The conductance values are calculated for each leg.

G(IQ) = ABS(Q(IQ))/BLEG(IQ,6) (1)

where IQ = leg number

ABS(Q(IQ)) = Absolute value of flow in leg IQ

BLEC(IQ,6) = Pressure drop in leg IQ

G(IQ) = Conductance of leg 10

The conductance values must now be entered into the CALCI matrix. Each

variable pressure point is worked on individually. The main diagonal element

of CALCI contains the sum of all the leg conductances of pressure point J.

Each off diagonal element equals the sum of all conductances around the

pressure point J for multiple legs connected to common pressure points, and

the sum of conductances for each pressure point connected to pressure point J.

The CALC2 matrix contains the constant terms of the system of linear

equations that describe the model. Constant pressure drops in legs, external

flows and constant pressure sources are all inserted into this matrix. Any

constant pressure source or pressure drop is multiplied by the conductance of

the leg it is associated with. If leg (5) has a pressure drop term - BLEG(,5),

then the BLEG(,5) is multiplied by the conductance for leg (5) which is G(5),

making the resulting term a flow. Thus, all external flows have no multipli-

cation factors.
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With both CALCI and CALC2 filled, the SIMULT subroutine is called

to solve for pressures in the system. The answers come back in the first

column of the CALCI matrix and are put into ?QL array, column 1, which contains all

the system pressures. A new flow is calculated for each leR in the system

based on the recent calculation of the pressures. The new flow is

equal to the difference of pressures on the end points of the leg plus

any constant pressure drops times the conductance of the leg.

The solution for flows in all the legs are final when all the previous

flows (Q) and the latest calculated flows (QNEW) are within a specified

tolerance. If both the old and new flows are less than one GPM then

ABS (Q - QNEW) < .001 (2)

is the tolerance. For flows greater than or equal to one GPM,

ABS Q - QNEW < .001 (3)

QBIG

where QBIG equals the larger of Q or QNEW, is the convergence

criteria. If equations (2) or (3) are not satisfied in each leg

of the system a new value of flow will be compared in each leg by

the following equation:
Q1 Q + QNEW

2 (4)
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These new flows are given to TTL for computation of new dynamic element re-

sistance values for another iteration. If all the legs do not converge after

sixty iterations, the cycle stops and all the current values are used as the

steady-state variables. Before transfer is made back to SSFAN a last iteration

is made to stabilize pressure drops and flows for the steady state conditions.

6.1.1.4 Approximations

The coefficients of the CALCI matrix are linearily approximated to represent

the system conductances. Inherent approximations exist in some of the constant

data in CALC2.

6.1.1.5 Limitations

Most limitations exist in the areas of physical discontinuities. CALC

was written to solve a flow balance in a system. Any flow discontinuities that

occur, such as in a simple unbalanced actuator, must have mathematical formula

to describe what happens to the flow. CALC also requires the leg pressure drops

to be continuous over a specified flow range. When this does not occur, as

in a check valve, the proper input from the check valve subroutine must be fed

to CALC so it may respond to the changed conditions. Please refer to Appendix

A for a more thorough discussion on the limitations of CALC.
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6.1.1.6 CALC Variable Names

Variables Description Dimension-

ALT Attitude FT

BLEG General purpose array

BRANCHP Array containing dynamic element data

CALCi MxM array of conductances

CALC2 M array of constants

CJCT Pump case drain port junction number --

D Dummv storage array of JCOL values

DENS Fluid weight density at atmospheric pressure LB/FT3

DIOO Weight density at 1000 F IB/FT 3

FLUIDF Viscosity-pressure correction factor at H0OF __

FLUIDK Viscosity-pressure correction factor at fluid
temperature

C Array of conductances

I, IC Integer counters

ICENT Array containing number of non-zero elements in --

each row

ICOL Array containing the column number of each non-
zero element

IDIAG Array which identifies which columns of CALCI
cont'in positive conductance values

IERROR Error indicator if # 0

IJ, IM Integer counters

ILEP Array of leg numbers with the corresponding --

pressure on each end

INEG Array which stores the second appearance of a
negative conductance value

IORDER Array giving pivot selection based on min-row
min-col criteria

IQ, IT Integer counters

IRENT Array containing number of non-zero elements in --

each row
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6.1.1.6 (Continued)

Variables Description Dimensions

ITER Iteration counter

ITERI Final iteration counter

IU,IV,IZ,Il,J,Jl, Integer counters

J2,J3

JCENT Array which identifies the number of non-zero
entries in each column of CALCI

JCOL Final arrav which identifies the columns in a
square CALCI array which are filled with non-zero
terms

JCT Pump case drain port junction number

JEM Number of pressure points

JNEG Array which identifies which column in CALCI con-
tains the first appearance of a negative
conductance value in CALCi array

JRENT Array which identifies the number of non-zero
entries in each row of CALCI

KOUNT Integer Variable

K,K1,K2,K3,K4, Integer counters
K5,K6,,K8,K9

K7 Temporary storage of non-zero entries in each
row of CALCI

.,LN, Ll Integer counter,

MAXITER Maximum number o' iterations --

ML Total number of legs

N Branch point number of actuator --

NI Integer counters

NBP2 Total number of rows in BRANCHP array --

N1. Total number of rows in BIE(; and I.EP arrays --

NPO Total number of row, in POL arra,: --

NPOL2 Array containing torresponding pressure point --

numbers for constant pressure values of array
PQL2
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6.1.1.6 (Continued)

Variables Description Dimensions

PAMB Atmospheric ambient pressure PSI

PQL Array of pressure points, flows and port num-

bers

PQL2 Array containing constant pressure values --

QBIG Larger of Q or QNEW

ONEW Latest values of leg flows --

TEMP Fluid temperature 
OF

TEST Largest positive value in D( ) array --

TEST2 Location number in D( ) array containing --

largest positive value

TOL Tolerance for flow balancing --

TY Element type

VISC Fluid viscosity at atmospheric pressure CENTISTOKES

VIO0 Fluid viscosity at H0OF CENTISTOKES
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6.1.1.7 CALC Subroutine-Listing_

SUBROUTINE CALC( IL,N,JEi,BLE,PQL,CALCI,JCOL,CALC2,JRl Er',JCEN T,
11UIAG,J EG,INEG,63RANCliP,NP2,NL,ILEP,IRENT,ICENT,1OiWER(,[COL,
2NPQ)
CCALC I DEC 79

C CALC COMPUTES PRESSURES AND FLOJS IN ALL SYSTEMS
COMA,,ON /hSLKl/TEMP,VISC,DENS,DO,PAAB,ALT,FLUIF,FLUiMC,VlOO
COMMONJ /BLK3/NPQL2(20) ,PQL2(20)
COMMON /dLK7/IERRoR, ITER
01HENS19N D(5)
DIMENSION CALC1(1),CALC2(I),JCOL(I),JRENT(l),JCENT(l),ICOL(1)
DIAENSLJN IDIAG(l),JNEG(1),INEG(1),RANCrIP(l)
D I AENSION1 ICENT(1) .IRENT(l),I0RDER(I)
OIvIENSIO4 BLEG(l),ILEP(l),i'QLCI)
tAAITERL 50
TJL= .001

IT ER1=0
,'iARKO

DO 2 1-1,LL
IF(kiLE(I+(2*NL)).LT.I.)LEG(I4+(2*NL))-1.
DO 2 J=1,NiBP2
TY-69,1NCHP( 3)
li(IY.NE.5.)GO TO 2
JCf'r-iANcHPCJ+3*NB3P2)
IF(JCT.EQ(I-LEG(I+fNL))BLEG(I42*NL)=(-l.)

2 CONTINUE
C PRINT'BLEG'
C Do 888 1-1,1ML
C888 WRIE(8,999)(fL.E(I(J-1)*NL),J-1,16)
C999 FORA'r(16FS.3)
C STORE NON-ZERO COLUMN NUMBERS IN JCOL

DO 3 K-1.M[L
I-ILEP(K)
J=[LEP( K+N'L)
Do 3 1(1=1,2

IF (Kl.EQ.2)JI-J
Do 3 K(2-1,2
J2-I
If C(2.EQ.-2)J2-J
do 3 K3-1 5
J3-JCUL(J1+(K3-1)*NL)
IF (J3.NE.O)GO TO 3
JCOL(Jl4(K3-1 )*NL)-J2
J 2-0

.3 IF (J3.E~j.J2)J2-O
c LOAD CONSEANT P'RESSURE NODES INTO JCOL

NI1-N
IF(NkL2(N+*I) .NE.O)Nj-N4j

4 do 6 K-I,Nj
I I=Nk'L2(K)
DO 5 11-1,5
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6.1.1.7 (Continued)

5 JC0L(I14CJl-l)*NL)=O
6 JCOL(Il)=Il

C BUILD JRENT,JCENT; REORDER JCOL; BUILD 101.40
DO 12 K-I,JEpl
KOUNr=O
DO 7 K8-1,5
DO 7 K9-1,JE4

7 IF (JCOLCK9+(K8-1)*N.).EQ.K)KOUNT..KOUNT,1
JCENT( K)-KOUN4T
KOUN I-0
Do 8 KI=1,5

8 IF (JCOL(K+i(K-l)*NL).NE.O)KOUNr=KOUN1T+I
JRENT( K)-KOUNT
DO 9 K2=l,KOUNT

9 D(K2)-JCOL(K+CK2-1)*NL)
DO 11 K4=.1,KOUNT
TESTO0
DO 1C) K5-I ,KOUN'r
IF (0(K5).LT.TEST)GO To 10
TEST-DC K5)
TEST2-K5

10 CONTINUE
Kb-KUUe%41-K4

JCOL(K+( Kb-I )*NL)-TEs'r
11 D(TESr2)-O

K7-JREN [(K)
DO 12 KUUNT-1,K7

12 IF (JCUL(K*-(KUNT)*NL).EQ.K)1JIAG(K)-KUNT
C kSUILO I1N6G,JNLG

DO 14 K-1,ML
I-ILEP(K)
J =I LE P K+NL)
Il-JRENr[C )
J 1-JRENT(J)
I.'EG(K)'.O
JNEG(K)-O
DO 13 KOUNT-1,I1

13 If (JCOUL(1-+(KOUNT-1)*NL) .EQ.J)JNEG(K)-KOUNT
DO 14 KOUNTr-l,jl

14 IF (JCOL(J+(KOUNT-1)*NL).E(Q.I)INEG(K)-KOUNT

15 CONTINUE
C CALL O)PUT2(ILIF.P,BLEG,N1L,P~qL,NPQ)
C INITIALIZ.E CALCI AND CALC2 ARRAYS TO ZERO

DO 1b K-I ,iL
6LEG(K+4*NL)=O.

16 BLEG(K+11*NL)=O.
Do 17 K=I,J~d

17 eQL(K+NBP2)=O.
DO 1 ) LI-I ,JErI
DO lB (1=1,9

16 CALC1I(L14(K1-1)*NL)=O.

19 CALC2(LI)-O.
C CO?4PUTE CON1)UCrANCES FOR CInLC ARRAYS
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6.1.1.7 (Continued)

CALL TTL(ML,NL,BLEG,BRANCHP,NBP2 ,ILEP,PQL,NPQ)
C D0 887 I-1,ML
C887 4qRITE(6,999)(BLEG(I+(J-1)*NL),J-1,16)

IF(IERROR.GT.O)RETURN
DO 20 IQ=1,ML
C=BLEG( IQ+5*NL)
Q-AS( BLEG( IQ+2*NL))

20 BLEG(IQ+5*NL)-Q/G
C BUILD THE CALCl ARRAY

DO 21 K=l,ML
1=ILEP (K)
J=I LEP( K+NL)
L=ILIAG(I)
LM=T.'IAG(J)
CAL,,1(I+(L-1)*NL)-CALC1(I+(L-1)*NL)+BLEG(K+5*NL)
CALCI (J+(LM1-1)*NL)=CALCI(J+(LM1-1)*NL)+BLEG(K+5*NL)
L=J!NEC(K)
LM=14INEG(K)
IF (L.NE.O)CALC1(I+(L-1)*NL)-CALC1(I+(L-l)*NL)-BLEG(K+5*NL)

21 IF (L1'.NE.O)CALC1(J+CLM 41)*NL)=CALC1(J+(LM-1)*NL)-BLEG(K,+5*NL)
C BUILD CALC2 ARRAY

NI=N
IF(NPQL2(N+1) .NE.O)Nlm=N+1
DO 22 1-1,N
Il=NPQL2(I)

22 CALC2(Il)-PQL(Il)-PQL(Il+NPQ)
DO 23 1=1,JEM

23 CALC2( I)=CALC2(I)+PQL( I+NPQ)
DO 24 I-I, ML
IkF(bLEG(I+4*NL).EQ.0.)GO TO 24
CALC2(ILEP(I))-CALC2(ILEP(I) )-BLEG(I+4*NL)*BLEG(I+5*NL)
CALC2(ILEP(I+N4L))=CALC2(ILEPCI+NL))+BLEG(I+4*NL)*BLEC(I+5*NL)

24 CONTINUE
IF(NPQL2(.N+1).EQ.O)GO To 25
J=NPQL2(N+1)
CALC2(j)=.001

25 CALL SIMULT(JE 1,ITER,CALC1 ,CALC2,JCOL,JRENT,JCENT,ICENT,
lIKENT, IORDE(, ICOL ,NPQ)

DO 26 IM-1,JEN
PQL( IN)=CALCI (IM)

26 CONTINUE
C CALCULATE NEW FLOW RATES

DO 27 IT-1,ML
IU-ILEP( IT)
IV-ILEP( IT-9NL)
BLEG(IT+6*NL)-(PQL(IU)+BLEG(IT+4*NL)-PQL(IV))*BLEG(IT+5*N'L)

27 CONTINUE
C TEST 14EW FLOW RATES

DO 31 IJ-1,M'-L
Q-BLEG( LJ+2*NL)
QtJEW-BLEG( IJ+6*NL)
IF(ABS(()-QaEW).LF.-TOL)GO TO 31
IF(ALSS(Q).GT.l.)GU To 28
Ii'(AiS(o: E.4).LE.1 .)Gu To 35
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6.1.1.7 (Continued)

23 IF(AiS(Q).GTABS(QJE';))GO TO 29

GO TO 30
29 QPIG-(Q
30 Il.(AoS((Q-:EW)/Q SIG).GT.TUL)GO To 35
31 CONTINUL

IF(ITER1.GE.1)GC) To 32
ITERI=ITER1+l
GO TO 35

32 CONT INUE
J)o 33 i'/.l,,.iL
Q=BLEiG( IZ+2*NL)

33 CONTI. UE

IF(lTLR. GE .1XIi.R) STOP
34 FOKuiAT( luX,42HEXCEEDED ML\ N'O OF LTEsAT IONS-CllECK SYSTE~l)

IC=0
CALL FLOCIW"K( IC ,iRANCIP ,iNBP2 ,iLEG ,NL, PQL)
CA~LL VC0iiK(MlL, IC a\ALNCHP,N BP2 ,LLEG,NL,ILEP,PQL,NPQ)
CALL XCTCP-LK( , ,.IC,,, kiCHI' ,,NBP2 ,PQL, NIQ)
CALL i4lTRCl*K(3RANCHfP,NiBP2 .IC)
IF(IC.NE.O)G;O TO 1
iAET URN

C RECALCULATE FLOW RATES
35 DO 36 I=1,1ML

Q=BLKG( I+2*NL)
QNEW06LEG( I+6*NL)
8LEG( I+2*NL)=(Q+QNMW)/2.
IF(Q).EQ.O. )ILEUG(1+2*N.L)=.000O1

30 CO NT INU E
1iV(ITER-.:2AITEZQ)GO TO 32
ITiC.R-ITEI(+1
GO To 15
ENDO
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6.1.2 TTL Subroutine

The TTL subroutine updates all the system leg values by calling the

dynamic element subroutines. The dynamic subroutines give pressure at a

pressure point, flow in a leg, or the change in pressure (AP) in a leg.

These values returned by the element subroutines are found in column 5 or

column 12 of the BLEG array or columns 1 or 2 of the PQL array. This value in

column 5 of BLEG represents the AP term. The one in column 12 corresponds to

energy loss coefficients in a leg due to valves and orifices. PQL column I

is the pressure point value and PQL column 2 is a flow loss or gain at a pres-

sure point.

Once the dynamic elements in a leg are called, viscosity and density

corrections factors, and the leg Reynolds number are calculated using the

average leg pressure. The Reynolds number determines the proper equation

to be used to account for all the element pressure drops as a function of

leg flow. One of three equations are generated depending on whether the

flow is laminar, turbulent, or in transition. The resulting equation is

evaluated at the leg flow rate and the pressure drop value is set into

the sixth column of the BLEG array.

Each leg in the system is processed in the same manner. First,the

leg's dynamic elements are updated then the leg pressure drop is calculated and

stored in BLEG. After the final leg, program control is passed back to the

calling subroutine. A descriptional flow chart of the TTL subroutine is shown

in Figure 39.

6.1.2.1 Math Model

The average pressure for a leg is calculated by using the upstream and

downstream pressures found in the PQL array. The location of the pressure
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DO FOR EACH
BRANCHP ELEMENT
IL =1, NBP2

"Iz
CALL DYNAMIC
SUBROUTINES TO
UPDATE BLEG

CALCULATE AVERAGE
PRESSURE IN LEG

PUP + DOWN
PAVG =

2

VISCOSITY PRESSURE CORRECTION
VISCP= VISC * EXP (FLUID FACTOR TEMP CORR) PAVG

E ENSITY PRESSURE CORRECTION1
[DENP = 0I +PAVG/200000) * DENSJ

ALCLATE REYNOLDS NUMBER1
RE = (316 3' O)/(AVG LEG DIA * VISCP)J

TTL SUBRO TAN SITIO A FLOLCAR
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points in PQL for each leg is found in the ILEP array.

PAVG = (PQL(ILEP(IQ,2),I)+PQL(ILEP(IQ,3),l))/2. (1)

where IQ = the current leg number

The average pressure is used in the calculation of a viscosity-

pressure correction factor VISCP.

VISCP=VISC*EXP(FLUIDK*PAVG) (2)

where VISC = Fluid Viscosity at System Operating Temperature
and Atmospheric Pressure

FLUTDK = Fluid Correction Factor - Temperature Compensated

PAVG is also used for a density-pressure correction factor DENP.

DENP = (1. +(PAVG/200000.))*DENS (3)

where DENS = Fluid Density at System Temperature and Atmospheric
Pressure

Since the leg resistance coefficients are adjusted to a reference viscosity

and density at a temperature of 100F, the VISCP and DENP correction terms

are

CFVP = VISCP/VlOO (4)
and

CFDP = DENS/D100 (5)

The Reynolds number is calculated for each LEG by the following

equation:

RE = (3163.*F)/DIA*VISCP (6)

where F = Absolute value of flow in a leg (GPM)

DIA = Leg average diameter (IN)
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The calculation of the Reynolds number is used to determine the LEG flow

equation. Pressure drop (DP) for each leg is calculated using columns 8 thru

12 of the BLEG array. The DP equation is of the form:

DP = KI + K2Q + K3Q
1 .7 5 + K4 Q

2 + K5 Q (7)

where I

KI = BLEG(IQ,8) fixed constant pressure drops

K2 = BLEG(IQ,9) laminar resistance coefficients

K 3 = BLEG(IQ,10) turbulent resistance coefficients

K4 = BLEG(IQ,I) local energy loss coefficients

K5 = BLEG(IQ,12) leakage resistance coefficients

IQ = Leg Number

The K2 and K3 terms are corrected with both the viscosity-pressure

coefficient (CFVP) and the density-pressure coefficient (CFDP). K4 is only

density-pressure corrected and K5 is viscosity-pressure corrected.

Laminar flows for Reynolds numbers less than 100 use columns 8, 9, 11

and 12 of BLEG for the DP calculation. Turbulent flows with Reynolds

numbers greater than 1800 use BLEG columns 8, 10, 11 and 12. For transition

flows between 100 and 1800 a maximum laminar and minimum turbulent flow is

calculated using 100 and 1800 for the Reynolds numbers in equation (6) and

solving for flows. These flows yield a DPMAXL and DPMINT terms when inserted

into the proper pressure drop equation. QMAXL and DPMAXL define a point on

a Flow vs Pressure Drop graph. QMINT and DPMINT define the other point.

The value for the leg pressure drop results from interpolating between these

two points using the current leg flow rate. For a DPMINT greater than 20000

the laminar equation only is used to give the leg pressure drop.
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6.1.2.2 Assumptions - None.

6.1.2.3 Computations

The DO loop parameter is NBP2, the number of dynamic elements in the system.

The dynamic elements are updated for each iteration. The DO loop is incremented

and another dynamic element is done in a similar manner, until all dynamic

elements are processed. Next leg pressure drops are calculated. Each leg

pressure drop is calculated for each iteration and passed to BLEG column 6.

6.1.2.4 Approximations - Not applicable.

6.1.2.5 Limitations - Not applicable.
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6.1.2.6 TTL Variable Listing

Variable Description Dimension

ALT Altitude FT

BLEG General purpose array

BRANCHP Dynamic element data storage array -

CFDP Pressure corrected density coefficient --

CFVP Pressure corrected viscosity coefficient --

DENP Density-pressure correction factor __

DENS Fluid density at system temperature and LB/FT3
atmospheric pressure

DIA Leg diameter IN2

DP Leg pressure drop

DPXL Laminar pressure drop PSID

DPXT Turbulent pressure drop PSID

DIO Density at 100OF LB/FT 3

F Absolute value of leg flow GPM

FLUIDF Viscosity-pressure correction factor at 100*F --

FLUIDK Viscosity-pressure correction factor at fluid --
temperature

IERROR Error indicator if #0

IL Element row location in BRANCHP __

ILEP Array of leg numbers with the up and downstream --
pressure points

IQ Leg number

ITER Iteration counter

ML Total number of legs

NBP2 Total number of rows in BRANCHP array --

NL Total number of rows in BLEG and ILEP arrays --
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Variable Description Dimension

NPQ Total number of rows in PQL array --

PAMB Atmospheric ambient pressure PSI

PAVG Average pressure of a leg PSI

PCT Percent

PQL Array of pressure points, flows and port numbers --

QMAXL Maximum laminar flow GPI

QMINT Minimum turbulent flow GPM

Q1200 Flow when Reynolds Number equals 1200 GPM

RE Reynolds Number

TEMP Fluid temperature OF

TLAM Reynolds Number at which flow is totally laminar --

TTURB Reynolds Number at which flow is totally turbulent

TY Element type

VISC Fluid viscosity at system operating temperature and --

atmospheric pressure

VISCP Viscosity - pressure correction factor

VIO0 Viscosity at 100*F CENTISTOKES
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6.1.2.7 TTL Subroutine Listing

SU13ROUT1NE TfTL(AIL,NL,isLEG,ilRANCHP,X,;iP2,ILEP,PQ L,.NPQ)
C TTL 1 DEC*79

COAAIO, /BLKI/ TL..P ,VISC, DENS, DI)00, PAA1, ALT, FLUI DF, FLU I )K, V100
D1ALNS1ON ILL:P(l),PQL(l),IBLEG(1),bRANCiP(l)
CoIO>J /1LK6/VISCP,DENP
COpMctN /BLK7/1tERROR,I'rER
TLAM= 100.
TTURt3= 1800.
IF('rTUR . LT.TLA':I)TTUK3=TLA~i
Do I IL=1,NBP2
Ii (iRANCHP(IL).EQ.O.)GO TO 2
IF(rSRAN1CIP(IL+20*NbP2).EQ.C.)GO TO 1
TY-RANC{P( IL)
IF(TY.EQ.5.)CALL DPt Li5(IL,BRANCP,NBP2,BLEG,,ML,PQL,NPQ,ILEP)
IF(TY.EQ.9. )CALL O)RESV(TY,IL,3RACiP,NB3P2 ,BLEG,NL,PQL,NPQ)
IF(TY.EO.91.)CALL DRESV(TY,1L,iRANC!1P,:u3P2,BLEG,NL,VOL,NPQ)
1IF(TY.EQ.92. )CALL DRESV(TY,IL,B8RANCtiP,,,BP2,I3LEG,NLPQ4L,N P~l)
IF(TY.EQ.24.)CALL DTEE24(IL,BRANCHiP,NBP2,BLEG,NL)
IF(TY.EQ.25. )CALL 0)CR025(IL,aRANCriP,NblP2,BILEG,NL)
li:('Y.LEQ.4.)CALL DACT4(Il,,bR(A4CiiP,XO' ;2,d3LEG NL,PQL,,NPQ)
iF([ry.I-(.3. )CALL 0CKV3(IL, ,-RANCiiP 1 NBP2,ThLEG,NL)
IF(TY.EtQ.31.)CALL 13(LRACP,!2iLEN)
IF(TY.EQ .33.)CALL rOVRE33(IL,i;AN1CIP,NBIP2,BLEG,NL)
IF(1'Y.EQ.34.)CALL DVS034(TY, IL, iRUCfiP, 'BP2,lBLFGNLPQLNP )
IF(TY.Eil.35. )CALL [NVS034(TY,IL,BACIIP,N4BP2,i;LEG,NL,PQL,'ZPQ)
IF(TY.EQ4.36. )CALL DVSO34(TY,1L, R.VNCiP,NijP2,iLEG,NL,PQL,NPQ)
IF(TY.LQ .37.)CALL )VS034(TY,IL,,A{ANClP,Ni3BP2,BLEG,NL,PQL,NPQ)
IF(TY.EQ.33.)CALL DVSO34('rY, IL, BRANCiP, Jz3P2 ,BLEG,NL, PQL, NPQ)
Ir(rY.Etj.I.U.)CALL DPEC10( IL, BRANCHP,NBP2 ,BLEG, NL)
li(TYaEQ.6.)CALL DFIL6(IL,BaNCiP,NBF2,I3LEC,NL)
IF(TY.EQ.-7.)CALL I)ACC7(IL,iRANCP,4iBP2,PQL,NPQ)
IF(TY.EQ.8. )CALL OHLTi<8(IL,13RA4C~iP,iNiP2,PQL,N4PQ,BLEG,,JL)

I CONTINUE
2 Do 13 IQ=1,ML

DlA=BLEG( IQ+3*NL)
If(0LA.EQ.O.O)DIA=.0001
F-=\.'S( BLEG( Iiq+2*N )
PAVG=(PQL(IL '(1Q))1-PQL(ILLP(1Q4-NL)))/2.
IF(PAVG.LE.O.O)GO To 3
IF(PAVG.GT.2o000. )PAVG=20000.
FLUIDK-BLEG( IQ+14*NL)
VISC=I3LEG( IQ+15*NL)
VISCP-VISC*EXP( FLUliVK*PAVG)
Go To 4

3 VISCP-VISC
4 DENP-(1.+CPAVG/2O000.))*DENS

If.(uE,4P. .LE.0.O)MINP-DE"IS
RE-(3161 .77*F)/(D)IA*VISCP)
CFVP-VISCP/Vl00
CF DPDENP/DIOO
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6.1.2.7 (ontinued)

5 DkX\L=HLEG( 1Q+7*NL)+F*CF P*Ck'DP*iBLFG( IQ+S*NL)+F*3LEG( IQ+1 1*NL)
DPXL=DPXL+3LEG( 1Q+1O*NL)-~CFDP*F**2
DPXT=BLEG( Ij+7*NL)+DLEG( IQ+1 1*NL)*F
DPXT=L)PXT+CFDP*(CFVP**,25)*BLEG(IQ+9*NL)*(F**1.75)
DPXT=DPXT+CFDP*BLEG( IQ+lU*NL)*(F**2)
IF(RE.LE.TLANI)GO TO 8
IF(RL.GE.TTURB)GO TO 9

6 Q\,LXL=(TLXI*DIA*VISCP)/3161.77
Q,'iIT=(TTURfB*DIA*VISCP)/3161 .77
Q1200=(1200.*DIA*VISCP)/3161 .77
IF(TTURB.LF.1200.)GO TO 10
IF(TLAI.GE.1200.)GO TO 10
IF(RE.GT.1200.)GO TO 11
PCT=( F-QMUXL)/ (Qi 200-Q:IAXL)

7 DP=PCT*DPXT+(l1. -PCT) *DPXL
GO TO 12

8 DkP=DPXL
GO To 12

9 DP=DPXT
GO TO 12

10 PCT=(F-Q.,iAXL)/ (Q.II1NT-QMAXL)
GO To 7

11 PCT=(E-Q1200)/(QIINT-Q120U)
GO To 7

12 6i7LL(l! +5*NL)=DP
13 CuNT1 UE

RET URN~
FN N
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6.2 DYNAMIC ELEMENT SUBROUTINES

Dynamic subroutines are called during the iteration portion of program

execution. Dynanic resistance coefficients are calculated at this time

because the flow direction in a leg may not be known. This difference is

particularly noted in an element such as a check valve with free flow allowed

in one direction and zero flow allowed in the opposite direction. Generally,

a dynamic subroutine is required for all elements that have moving parts such

as poppets, pistons, rotating groups, etc. During the assembl" Dhase of the

program, identifiers for pressure points and the connecting leg numbers are

placed in the element data array. Also, some elementsrequire an identifier

for the direction the leg was assembled through the element to determine the

correct sign for flow direction. These are also generated during the assembly

phase. With this information, the correct equations for calculating resistance

coefficients are selected or an assumed flow condition is assigned for some

elements. These resistance coefficients are dependent on flow direction,

flow magnitude and pressure or pressure drop. The resistance coefficients

calculated during the iteration process are recalculated each iteration and

are stored in BLEG array columns 5 and 12. After the system is balanced, a

check is made to see that the assumed flow condition for element types 3,4,5,

8,31,33,37 and 38 is correct. If not, the initial assumed flow condition is

(hanged, and the system is rebalanced.

155

/



6.2.1 Subroutine DCKV3

DCKV3 is the dynamic element model for a check valve.

6.2.1.1 Math Model

The check valve is generally of the type shown below - Figure 40

with a spherical seat or conical seat. A spring is placed behind the

moving poppet to ensure positive seating in the reverse flow direction.

The spring determines the cracking pressure of the valve.

Size 1 Size 2

Junton 1F

(Always "In"~%S',Jnto
Free Flow Direcio Junction2

00

FIGURE 40)
CHECK VA" F

15b
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6.2.1.2 Assumptions - Not applicable.

6.2.1.3 Computations

When DCKV3 is called from TTL subroutine, the inlet port diameter, cracking

pressure and flow indicator (FI) are initialized. The flow indicator is used

to establish the resistance factor to be used for calculation. On the initial

flow balance, the flow is considered to be in the unchecked direction (FI=O).

After the system is balanced a flow gradient check is made of the leg in which

the check valve is located. if the flow gradient is opposite the initial

assumed flow direction, a (-1.) is placed in the flow indicator position

in BRANCHP array by VCHEK subroutine. VCHEK also passes an indicator to CALC

subroutine to indicate a system rebalance is necessary. When the system

is rebalanced, the high resistance factor, checked position, is used for

calculation. This method has improved stability in calculation over the

previous method.

If the flow is in the normal flow through direction, the equation is of

the form

AP A * (Q**1.75)

Where A constant

Q = flowrate

If the flow is in the checked direction, a high resistance is input as

P = 3.E7

The resistance coefficient is placed in BLEC column 12.

6.2.1.4 Approximations

The check valve data was derived from a manufactures flow versus pressure

drop chart for various size check valves.

For sizes smaller than -4 and larger than -20, the constants for calculation

are extrapolated.

6.2.1.5 Limitations - None.

6.2.2 Entry D-lW31

DRIW31 is the dynamic element model for a one way restrictor.
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6.2.2.1 Math Model

The one way restrictor schematically is similar to a -ho-k valve,

Figure 41. In the free flow direction the poppet operates similar to the check

valve. In the restricted flow direction the poppet is clted and flow is

restricted through the orifices.

Junction I

(Always "In" Port Junction 2
Restricted Flow Direction) Rsrce

Size 1 Size 2

Restricted

Flow

hI

1 FOrifice

FIGURE 41

1-WAY RESTRICTOR

6.2.2.2 Assumptions - Not applicable.

6.2.2.3 Computations

The math model for the one way restrictor is iimilar to two othr models.

The free flow calculation is similar to the check valve, section 6.2.1. The

restri ted flow calculations are similar to the two wa\' restrictor.
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The flow is considered to be in the restricted flow direction for the

initial flow balance. After the system is balanced, a check is made by VCHEK

subroutine to determine whether or not the assumed flow direction was correct.

If not, a (-L) is placed in the flow indicator position in BRANCHP array by

VCHEK and an indicator is passed to CALC indicating a system rebalance is

necessary. When the system is rehalanced the free flow direction resistance

constants are used.

6.2.2.4 Approximations - Not applicable.

6.2.2.5 Limitations - None.
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6.2.3 Entry DVRE33

DVRE33 is the dynamic element model for a relief valve.

6.2.3.1 Math Model

The relief valve is shown in Figure 42. It is similar to a check

valve in operation except the spring is much stronger. The spring determines

the relief valve cracking pressure.

. Size 2

Size 1

Junction 1) /Junction 2
(Always "In" Relief Flow Direction)

oo

Conical V I v, Ball Val.e

FIGURE 42

RELIEF VALVE
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6.2.3.2 Assumptions - Not applicable.

6.2.3.3 Computations

When DVRE33 is called from TTL subroutine the inlet port diameter, relief

pressure and flow indicator (FI) are initialized. The flow indicator is set

to zero and on the initial flow balance, the relief valve will not open. After

the system is balanced, VCHEK is called and a check is made to see if the

assumed condition (no relief flow) was correct. If not, the flow indicator is

set to (-I) in BRANCHP array and another indicator is passed to CALC subroutine

to indicate a system rebalance is necessary. The calculations are similar

to the check valve for relief flow conditions.

6.2.3.4 Approximations - Not applicable.

6.2.3.5 Limitations - None.
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6.2.3.6 DCKV3 - DRlW31 - DVRE33 Variable Names

Var iables Description Dimension

A Array of constants

ALT Altitude FT

B Check valve constants

BLEG General purpose array

BRANCHP Dynamic element data storage array --

CK Resistance coefficient PSI/GPM

C1,C2,C3 Array input values

C4 Equivalent orifice diameter IN

DENS Fluid density at system temperature and atmospheric 3
pressure LB/FT

PP Resistance coefficient PSI/GPM

DPI Resistance coefficient PSI/GPM

PODl Viscosity at 100'F CENTISTOKES

F1 Flow direction indicator

FLUIDF Viscosity - pressure correction factor at 100'F --

I UIDK Viscosity - pressure correction factor at fluid --

temperature

Integer counter

II. Row number in BRANCHP array

L.E(; Leg number (row in BLEG)

M Row number in element array

%1P2 Total number of rows in BRANCHP array --

NI. Total number of rows in BLEG array

PAMB Atmospheric ambient pressure PSI

PS Port diameter IN
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Variables Descrip -ion Dimension

Q Flow rate GPM

TEMP Fluid temperature OF

VISC Fluid viscosity at system operating temperature -

and atmospheric pressure

V1O0 ViscobiP, at 100OF CENT I STUCKI
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6.2.3.7 DCKV3 - DRIW31 - DVRE33 Subroutine Listing

SUBRiOUTIN~E DCKV3(lL,kdRANCHP,NHIP2,8LEG,NL)
C DYA&-11C RE~SISTANCE FOR CliK VALVE DATE 6/13/78

D1IENSION A(7),*i(b),Ps(7)
COHA.1D / L TMVSDN 10 AH LFUIiFUIK I0
DLIENSION bKANCtIP(1) ,bLEG(I)
DATA A/4.6O873,.955169,.369931,.3

8 549. 54 993 ,.02 58037,.1 214 75/DATA PS/.172 ,.297,.391 ,.464 ,.b09,.844,1.078/
DATA k/I2.,21.,27.,32.,42.t57.I
M= IL
LE=RANClfP(vg.2U*i8P2)
FLI-BANCiiP(A+7*NBP2 )
IF(FI.LT.O.)GO TO IL)
C2-BRANC( 15*NbP2)
CIBiANCHP(M4+3*N8P2)

1 Q-A6S( BLEG( LEG+2*NL))
DO 2 1=1,6
If((C1*64.).LT.jB(I))GU To 3

2 CONTINUE
1-7

3 LF(I.EQ.1)G;o TO 4
IF(I.EQ.7)GO TO 5
DP-(A( I)-( (AC l)-A(I+))*(CI-PS( I) )/(PS( I+1)-PS( I)) )*Q**1.75
Go TO) 7

4 A(I)=-29.22848*CI+9.6302
GO ro o
SA(1)=.0121475/(.03125*EXP(3.46574k(Cl/1.)78)))

6 DP-.A(I)*Q**1.75
7 IF(Q.EQ.O.)iILEG(LEG42*NL)=.0001

if(Q.Eq.o.)Cu To 9
IF(DP.LT.5.)DP-5.
L.W=Di'-5 .+C2

d 3LEG(LEG.1 1*tiL)=biLEG(LEG+l 1*NL)4D)P1
REtTURN

9 i6LE(LEA;4*N4L)=BL .c(LEu+4*NL)+C2
RETURN

10 DPi-3.E7
IF(bsLEU(LEG+2*NL) .EQ.O.)3LEG;(LEU+2*NL)-.001

ENTRY DRIW31
C DYNAALC RESISTANCE FOR I WAY RESTRICTOR DATE 6/26/78

H I
LEG-6RA CP(,M+2O*NBP2)
Q-ASS(BILEG( LEU+2*NL) )
iIamiRAXCIlP(A4+ I2*NkBP2)
LF(FI.LT.O.)GO TO 12
C2=BRANCI~P(M+5*NBP2)
C3-BRA'NCfiP( ?.+b*NBP2)
IF(C2.GT. .9)GU 'A) 11
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6.2.3.7 (Continued)

IF(C2.EQ.O.)C2-.OOO1
C4-C3/((1.-(C2/j3RANCHPCM++3*NBP2))**4)**.5)
DP1=(DENS*Q)/( (236 .*(C2**2)*C4)**2)
GO To 8

11 CK-C2/(C3**2)
DPl-CK*Q
GO To 8

12 IF(HRANCHP(M+8*NHP2).EQ.O.)GO TO 13
CKm.BRANCHPC,1+8*NBP2 )/(BRANCHPCM+9*NBP2)**2)
Di'1-( 8RANCHP(M4+7*Nk$P2)/ABS(Q) )4CCK*Q**2)
GO TO 8

13 C2=i3RANCHIP(M+7*NBP2)
C3=I8RANCHi)CA+4*NBP2)
Go To I
ENTRY DVRE33

C DYNAAIC RESISTANCE FOR RLF VALVE DATE 6/13/78
M-IL
FI-SIRANCHIP(r+7*NBP2)
CI=BRANCIIP(M43*NBP2)
C2mBRANCHP(,'k+5*NBP2)
IF(FI.LT.O.)GO TO I
DPl-3.E7
GO TO 8
EMU3
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6.2.4 Subroutine DACT4

DACT4 is the dynamic element model for a simple actuator.

6.2.4.1 Math Model

The simple actuator is modeled as shown below, Figure 43. The flow

is into either the extend or retract port. Piston leakage is calculated and

also the net flow to operate the piston. The flow gain or loss depending on

the piston direction is then calculated. The pressure rise or drop across

the piston is also calculated based on the inlet pressure, the external lcad

and the piston seal friction.

Junction 1
(Always the Extend Junction 2

Port of ActuatorO
,-Piston Seal Rod Seal

External
Load

A 1 Net Area to-//\ ANe Area to

Extend Actuator Ret'act Actuator

QLOSS QGAIN

INTERNAL LL(

QIN QOUT QIN QOUT

Extend Retract

Branch Point Representation

FIGURE 43

SIMPLE ACTUATOR
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6.2.4.2 Assumptions - Not applicable.

6.2.4.3 Computations

The actuator physical parameters are initialized from BRANCHP array. The

piston leakage constant is calculated as

FCON = 200000.*(VISC/VIOO)*(L/(3.14(6*PDIA))

For the actuator extendingthe flow on the head side of the piston is

QP = QIN - QLEAK

Where the leakage flow is calculated from the previous pressure difference

across the piston.

QLEAK = Pressure Drop/FCON.

The pressure on the opposite side of the piston is calculated as

PR = ((PH x Extend Area) - Load - Friction)/Retract Area

The flow out the return port is

QR = QP x (Retract Area/Extend Area)

The flow difference between flow in and flow out is input to PQL array.

PQL(N,2) = QR - QP

and the pressure difference across the piston is input into BLEG array column 5.

DPI = PR - PH

BLEG(LEG,5) = BLEG(LEG,5) + DPl

Calculation for the actuator moving in the reverse direction is calculated

in a similar manner as above with EXTA and RETA interchanged as well as QP,

QR, PH and PR.

6.3.4.4 Approximations - The piston leakage resistance is approximated by

200000*(I./(3.1416*PDIA))

6.2.4.5 Limitations - Not applicable.
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6.2.4.6 DACT4 Variable Names

Variables Description Dimension

ALOAD Actuator load +compressionLB
- tension

ALT Altitude FT

BLEG Array containing calculation data --

BRANCHP Dynamic element data storage array --

DENS Fluid density at system temperature and LB/FT3

atmospheric pressure

DPLOAD Load equivalent pressure drop PSID

DPT Net pressure drop PSID

DPI Calculated AP across piston PSI

D1O0 Density at 100'F LB/FT3

EXTA Extend area IN2

FCON Piston seal leakage constant PSI/GPM

FLUIDE Viscosity-pressure correction factor at 1000 F -

FLUIDK Viscosity-pressure correction factor at fluid --

temperature

FRIC Dynamic seal friction LB

I Integer counter

IL Row location in BRANCHP array

JPIR Piston motion direction indicator --

I = extend
2 = retract

LINT internal leg number

M ow number in BRANCHP array

N Branch point numher of actuator

NBP2 Total number of rows in BRANCHP array
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Variables Description Dimension

NL Total number of rows in BLEG and ILEP arrays --

NPQ Total number of rows in PQL array --

NR Branch point number of retract side of actuator --

PAMB Atmospheric ambient pressure PSI

PDIA Piston diameter IN

P.1 Pressure on extend side of piston PSI

PPOS Piston position 0. = full retract IN

PQL Array containing pressure point data --

PR Pressure on retract side of piston PST

QIN Flow into actuator GPM

2
RETA Piston retract area 

IN

STR Max stroke from full retract to full extend IN

TEMP Fluid temperature OF

TY Element type

VISC Fluid viscosity at atmospheric pressure CENTISTOKES

VPORT Pressure port Junction number of valve controlling --

the actuator

VIO0 Fluid viscosity at 100OF CENTISTOKES
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6.2.4.7 DACT4 Subroutine Listing

SUBSROUTINE DACT4(IL,BRANCHP,IJP2 ,1LEG,NL,PQL,NPQ)
C CALCULATES ACTUATOR PRESSURE DROP AND DATE 12/1/79
C FLOW GAIN OR LOSS FOR BRANCH POINT

CONAON /BLKI/T.EMP,VISC,DENS,D100,PA.MB,ALT,FLUIDF,FLUIDK,VIOO
DIMENSION 8RANCHP(1) ,6LEG( I), PQL( I)

C ROW NUM'-BER IN BRANCiIP ARRAY
'N=IL

C B17ANCH POINT NUMBER OF ACTUATOR
N=3RANCHP(',.1+3*NI3P2)
NR=i3RAJCP(i+4*NBP2)
EXTA=BRANCHP(n+5*NBP2)
RETA=BRANCHiP(,'i+6*NI3P2)
F RI C=BRANCHP Cm+7*'NBP2 )
ALOAD=13RNCHP(M+8*NBP2)
STR=BRNCP( ,i+9*NBP2)
PPOS=BRA;,JCIP(A1+IO*NiiP2)
PDIA=BRA.NCHP(M+1 1*N13P2)
VPORT=BRANCIIP(%M+l 2*NBP2)
LINT=IIRAN4CHP(:1+15*NBP2)
IF(aRA NCIIP(A,+3*N\',P2).NE.O.)GO TO I
FCO.i=200000.*(VISC/VIOO)*(1./C3 1416*PDIA))

BLEG( LINT+1 1*NL)=FC0tN
RETUiRN

I DO 2 I=1,NBP2
TY=BRANCIP( I)
IF(VPORT.Eq.BRAX.ClAP(I+2*NBP2).ANUD.TY.EQ .36.)GO To 4
IF(VPORT.EQ.RiRANC!1P(I+3*NUiP2).AND.TY.EQ.35.)GO To 4
If(VPORT . EQ. BRA4C~IP( I+3*NBiP2) .AND .TY . EQ.34. )GO To 5
IF(VPORT.E(Q.BRANCUiP(I+4*NIP2).A~iD.TY..Q.34.)GO TO 6

2 CONTINUE

,IRITE( 6, 3)VPORT
3 FOR2MAT(-)ACT4 CAN Nor FIND) PORT-,F8.3,1IN 13RAINCIP ARRAY')
4 JDIR=1

IF(RETA.GT .EXT,%)JDIR=2
GO TO 7

GO To 7
J)II{2
I F-( ER11,:C.IP( T+14*N13iP2 ) .E. 2 .)JO)IR=I

k. FO I 'JO ACTUATOR

w 1, V. .0 . ) 1)1,0 ) A LO0'\ D R F'r.
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6.2.4.7 (Continued)

8 IF(Pl'.LT.0OO)PR=0-001
PH-PR* (RETA/EXTA)
DPl-PR-PlH
DPT-DPl-DPLOAD
3LEG(LINTi-4*NL)-DPT
PQL(NR+NPQ)=(-( (EXTA-.RETA)/EXTA)*QIN)
RETURN

9 IF(PR.LT.O.UO1)PR-0.001
PI{=P{* (RETA/EXTA)
DPT-DPI-DPLOAD
BLEOC LINT+4*NL)=DPT
PQL(N+NPQ)-( (EXTA-RETA)/RETA)*QIN
RETURN
END
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6.2.5 Subroutine DPUM5

1)lPUMI is ti dynamic element model for a variable del iverv pump.

6.2.5.1 Math Model - The variable delivery hydraulic pump generates fluid

flow in response to sysLe flow demand. The discharge pressure is a function

of discharge flow. The steady state pump model, models the pump characteris-

tic flows and pressures in the pump. The characteristic curves modeled, see

Figure 44 , are:

(1) The standard flow versus pressure out curve

(2) The characteristic leakage from high pressure back to the pump case

(3) The leakage from the pump case back to the inlet

(4) The pump pressure out versus inlet pressure.

The pump case pressure is the pressure reference used for the pump outlet

pressure. The case pressure in turn is referenced from atmospheric pressure

through the reservoir and back to the pump case.

6.2.5.2 Assumptions - Not applicable.

6.2.5.3 Computations - The following equations were written with flows in gpm

which is consistent with MIL-P-19692C.

The pump physical parameters are initialized from BRANCHP array. The flow

out of the pump is initialized from BLEG array column 3. Using this flow, QT,

the characteristic pressure out is calculated.

Flow .- rated flow
POUT=PI-(Pl-P2)x(QT/Q2)

Flow > rated flow
POUT=P2-(P2-P3)x((QT-Q2)/(Q3-QZ))

The leakage flow from high pressure to the pump case is calculated as

QPCD=RCDLA-(.3x(QT/RQ))

A default value of 1 gpm is used if no RCDLA value is input.

The pump case drain flow (flow out the port) istfu leakage from high
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173



pressure to the case less the flow that leaks back to the inlet port. There-

fore it is a function of QPCD and the pressure difference between the case

and the inlet. The case drain flow

QCD=QPCDx(l.-(PC-PS)/RCDSDP)x(VlOO/VISC)

The default value for RCDSDP is 300 psid. This indicates that if the pressure

difference between the pump case and inlet is greater than or equal to 300 psid,

all the high pressure to case leakage flow goes back to the inlet.

The actual pump out pressure is calculated using the previously calculated

POUT pressure from the characteristic curve and adjusting this to account for the

actual pressure in the case less the case pressure at which POUT was set.

PP=POUT+PC-PSETA

The input values to the PQL array are 1 pressure and 2 flows.

Pump out pressure PQL(MP3,1)=PP

Suction flow PQL(MP2,2)=-QS

Case drain flow PQL(MPI,2)=QCD

QS is calculated as QS=QT+QCD

The pump outlet pressure versus inlet pressure model is essentially a

cavitating inlet which reduces the output flow.

6.2.5.4 Approximations - Not applicable.

6.2.5.5 Limitations - The model has an instability when iterating

between values on each curve of the flow out versus pressure out graph in

Figure 44. Care must be taken in choosing an operating point that is on one

curve or the other.
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6.2.5.6 DPUM5 Variable Names

Variab les Description Dimension

ALT Altitude FT

BLEG Array containing calculation data

BRANCHP Dynamic element data storage array

DENS Fluid weight density at atmospheric pressure LB/FT3

D1O0 Weight density at 100F LB/FT3

FLUIDF Viscosity-pressure correction factor at 100OF

FLUIDK Viscosity-pressure correction factor at fluid
temperature

I Integer counter

IL Row location in BRANCHP array

ILEP Array of leg numbers with the corresponding
pressure on each end

LEG Leg number (row in BLEG array) --

MPI Suction pressure point number --

MP2 Iressure port pressure point number --

MP3 Case drain port pressure point number --

MP4 Upstream pressure point number for suction inlet --

leg

NBP2 Total number of rows in BRANCHP array --

NL Total number of rows in BLEG and ILEP arrays --

NPQ Total numter of rows in PQL array --

PAMB Atmospheric ambient pressure PST

PC Previous calculated pump case pressure PSI

POLD Previous calculated outlet pressure PSI

POUT Calculated pressure out of pump PSI
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Variables Description Dimension

POUTT Calculated pressure out of pump PSI

PP Corrected pressure out of pump PSI

TIP2 Adjusted P2 pressure with reference to case PSI
pressure

PQL Array containing pressure point data

PS Previous calculated suction pressure PSI

PSDEL Suction pressure difference PSID

PSET Case pressure at which rated conditions are set PSI

PSETA Default for case set pressure PSI

PSM Minimum suction pressure PSIC

PSMIN Minimum suction pressure PSIG

PSMINA Default for minimum suction pressure PSI

PSMINO Minimum suction pressure PSIA

PT Absolute suction pressure PSIA

Pl Pressure at 0 pump flow PSI

P2 Pressure at pump rated flow PSI

P3 Pressure with 0 system resistance PSI

QCD Flow out case drain port GPM

QOLD Previous calculated flow out of pump GPM

QOUT Pump pressure port flow rate GPM

OPCD Leakage flow from high pressure to case GPM

QS Inlet flow to pump GPM

QI Flow with infinite system resistance GPM

Q2 Rated pump flow GPM

(3 Flow with 0 system resistance GPM
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Variables Description Dimensions

RCDL Default case drain flow GPM

RCDLA Rated case drain flow GPM

RCDP Rated pressure difference between case and suction PSID

RCDSDP Default pressure difference between case and PSID
suction

RPM Pump RFM RPM

RQ Rated flow at rated rpm GPM

RRPM Rated pump rpm RPM

TEMP Fluid temperature OF

VISC Fluid viscosity at atmospheric pressure CENTISTOKES

VI00 Fluid viscosity at 100 F CENTISTOKES
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6.2.5.7 DPUM5 Subroutine Listing

SUBROU'TINb DPUW 5( IL,BRANCHP,NBP2,BLEG,NL,PQL,NPQ, ILEP)
C CAILULATES PUL4POUT1 PRESSURE, CASE DRAIN FLa
C AND SUCTION FLOW REV 12/01/79

C(MON /BLKI/TEMP,VISCDENS,DI00,PAMIB,ALT,FLUTDF,FLUIDK,,VlOO
DL-IENSION ILEP(1) ,BRANCHP"1),BLEG(l),PQL(l)
RPM=BRANCHP( 1L4*.*NBP2)
IF(RPM.LL.0. )RLUN
MP1=BRAj'ICH-P( 1L+4*NBP2)
LMP2=BPAICkHP(IL+5*NBP2)
MP3=BRANqCHP( IL+'*NBP2)
LEG=BiAiqCHP( IL+16*NBP2)
QOLD=ABS(BLEG( LEG+2*NL))
BPAi4CHP( IL+V-!*NBP2) =QOLD
POLD=PQL( MP2)
RRPNi-BRAN'CdP( IL+8*NBP2)
RQ=BRANCkIP( IL+9*iN13P2)
PStr=i3 CHP( IL+15*NBP2)
PtirA=50.
IF( PSkW.GT'.0. )PSETfA=PSET
P1=BR&ANCH-P( IL+10*iIBP2)
P2=BFkJCHP( IL+11*NBP2)
PSM4Ie4J=BiWCHP( IL+12*NBP2)
RCDP=BRA'\JCHP( IL+13*N13P2)
RCDL--BRANiCdP( IL4-14*NBP2)
PC=PQL( MP3)
IF(PC.EQ.-1. )PC=100.
P3=0.
Q10O.
Q2=RQ*RPM4/RRPtl
BRANCHP( IL*18*NBP2 )=Q2
Q3=1.05*Q2
PS=PQL(tvPl)
IF(PS.EQ.-1.)PS=50.
PPr=PS+PAMB
RCDLA=1.
IF(RCDL.cGr.0. )RCDEA-=RCDL

IF(QPCD.LT.0. )QPCD=0.
RCLSDP=-300.
I F (RDP. Gr. 0. ) RCDSDP=RCDP
QCi--QkXD*( 1.-(PC-PS)/RCL iP)* (VlOO/VISC)
IF(QCD.LT.0. )QCL=0.
PQL(Mi-3+'4PQ) =QCD
W TO 1
IF(Z3MNCdP(IL+19*NtSP2).EQ.2.)GU It) 3
IF(i3RkCHP(IL+4*NBP2).bQ.0.)cx 0 1
IF(BRANCIP(IL+4*NBP2).EQ.l.)GO '10 2

1 QS=QOLD4QCD
PQL( MPI+NPQ) =-QS
PO(JTPl-( (P1-P2)*(QULD/Q2))
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6.2.5.7 (Continued)

PcUrT6rv(JT+PC-PSETA~
IF ( PUTT. LT.PPFVT-PC
PQL( MP2) =P(XJTr
GO TO0 7

2 PP=POLD-PC
PP2=P2-PC
QOUTQ3-(PP/PP2) *(03-2)
QS=QC)UT+QCD
PQL(MP1+NPQ) -,QS
PQL( MP2+NPQ )=QOrJT
GO '10 7

3 DO) 4 I=1,NL
IF(M1l.E.ILEP(I+NL))cn 10 5

4 CONTINUE
5 QS=BLEG(I+2*NL)

IF (QS. LT .QCD) QC1-QS
IF(QS.LT.0. )QCI=0.
QcXJT=OS-0CD4-.000001
IF(QS.LT.0. )QOUJT.000001
PQL( MP2+NPQ) =QC)1'
PQL(MP3+NPQ) =QCD
PSMINA=25.
IF (PSMIN .GT.0. )PSMINA=PS14IN
PSMINO=L0.
PSDEL-PSMINA-PSt4INO
IF(PSDEL.LT.1. )PSDEL=1.
POUT=-(OG/(03-Q1) )*PSDEL+(PSMINO-PA4B)
IF(QS.Gr. (03-01) )PaXJT=PSMI-PA B
IF(QS.LE .0.)PWT-PSmINO-pAt4B
PSM=PSMINO-PA.IB
IF(POUT.G.P514)GO TO0 6
MP4=( ILEP( I+NL))
IF(FP.r.rPQL(MP4) )PcXJT=PQL(MP4)

6 PQL(M4PI)=PovT
7 RbIURN
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6.2.6 Subroutine DFIL6

DFIL6 is the dynamic element model for a hydraulic filter assembly.

6.2.6.1 Math Model

The filter model may be either a bypass type or non-bypass type, see

Figure 45. The effect of the filter port frictional resistance is cal-

culated in SCONST2. SCONST2 also calculates the energy loss due to the

sudden expansion into the volume and the sudden expansion out of the volume.

The loss due to the filter element is calculated by DFIL6.

Junction 1
(Always "n" Port) Junction 2

Size 1_ w  Size 2

Press Rated flow

Drop
(PSI) and AP

Flow
(GPM)

Clean Element

FI;URE 45
F I LTER
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6.2.6.2 Assumptions - Not applicable.

6.2.6.3 Computations

The input data parameters are initialized from BRANCHP array. A

test is made to determine if flow is through the filter in the normal

flow direction. If the flow is reversed the pressure drop is higher

than the normal flow direction. This pressure drop is approximated by

PDT = (50./Dl) x Q

In the normal flow direction, the fluid volume is converted to an equiva-

lent area for calculation of the expansion and contraction energy loss.

These values are converted to pressure drop in psi. The element pressure

drop is calculated from the input clean element ratings. The pressure

drop is corrected for viscosity where

PDEL = CDP % (Q/CDQ) x (VISCP/RVIS)

If a contaminated element factor is used,

CF = (I.-CONTAM)

Then the press4ure drop term becomes

PDT = 'DEI,/CF

A test is next made to see if the PDT pressure drop exceeds the hpass

allowed pressure drop. Using an equivalent orifice flow equation, the

element and the bypass are calculated aq parallel flow orifices.

6.2.6.4 A pproximat ions - Not applicable.

6.2.6.5 Limitations - Not app'icabie.

A 4
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5.2.6.6 DFIL6 Variable Names

Variable Description Dimension

A Flow direction multiplication factor --

ALT Altitude FT

BLEG General purpose array

BPD Bypass pressure drop

BRANCHP Dynamic element data storage array --

CDP Filter element rated pressure drop PSI

CDQ Rated flow of clean element GPM

CF Contamination factor

CONTAM Contamination factor

DENP Fluid weight density at system pressure LB/FT3

DENS Fluid weight density at atmospheric pressure LB/FT 3

DI Assembly direction indicator

DPI Pressure drop through filter element PSI

DRPD Difference between bypass pressure drop and PSID
rated pressure drop

D1 Port 1 diameter IN

D1O0 Weight density at 100*F LB/FT3

D2 Port 2 diameter IN

EQD Equivalent diameter IN

FLUIDF Viscosity-pressure correction factor at 100*F --

FLUIDK Viscosity-pressure correction factor at --

fluid temperaLure

FV Filter assembly fluid volume IN3

F2 Intermediate calculation of bypass flow rate --

182



Variable Description Dimension

IL Row location in BRANCHP array

LEG Leg number

M Row in BRANCHP array

NBP2 Total number of rows in BRANCH.' array --

NL Total number of rows in BLEG array --

PAMB Atmospheric ambient pressure

PDEL Actual filter element pressure drop PSI

PDT Total pressure drop PSI

PDL Entrance pressure drop PSI

PD2 Exit pressure drop PSI

PEL Corrected filter element pressure drop with --

contaminat ion

Q Leg flow GPM

Ql Calculated flow through filter element GPM

Q2 Calculated flow through bypass relief GPM

RKl Calculated resistance factor for rated pressure --

drop

RK2 Calculated resistance factor for DRPD --

RPD Rated pressure drop PSI

RVIS Rated viscosity CENTISTOKES

cKB '  Function to calculate exit pressure drop --

SKSB Function to calculate entrance pressure drop --

TEMP Fluid temperature of

VISC Fluid viscosity at atmospheric pressure CENTISIOKES

VIO0 Fluid viscosity at 100OF (TNTI SToKES
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6.2.6.7 DFIL6 Subroutine Listing

shkuwuriN4E DFIL6( IL,BRANCHiP. NBP2,&LEG,NL)
C DY!'i±1IC RtSISTANC FOR FILTER DATE 12/1/79

CCX-iMON /BLK/TEP, VI SC, DENS, 00 ,PAMAB, ALT, FLUIOF, FLUI OK, V0
DIAMSNION B±RANCHPM ),BLLG( )
M-I L
LLG=BKMACHP( IL+20*NBP2)
D1=BRANCHP i4+3*NBiP2)
D2=BR~N4CHP( M.4*NBP2)
FVVi3&MNCtiP( L.+5*NBP2)
CLX =BRkaCdP ( L+

6 *Ni3P)
CDP=BPRMCHP( M-47 *Nij2)
RVIS=BANCriP(P+8i\Bk)2)
CONqTAi1=BRANCffl( M+9*N8P2)

RP--t 4CiPj +10*ABP2)
f3PD=BkANCHP(mI4- 1*NBiP2)
DI=bRANCiP(. VM12*NfBP2)
Q=BLEG( LiG+2*NL)
A=I1.
IF(Q.GE.0. .AND.DI.EQ.l.)GO TO0 2
IF(Q.LT-..AND.D.LQ.2.)Gw 2) I
IF( Q.ur.0. .AND.DI.LQ.I )A=-I.
GO TO 3

1 A=-1.
2 EQD=I.240'*FV**(1./3.)

PDI =SKSL3(DI ;iiCD, DiP) *Q**2
PD2=SKBS(EQ0,02,DENP)*Q**2
PDLL=CDP* (Q/CDQ) * (VISC/RVIS)
CF= .0001
IF(CONTrAM .LT.1. )CF=( 1.-CONTAM)
PLL=PDEiL/CF
PiYr--PEL+PDI-4PD2
IF(8PD.EQ.0.)G0 10 4
IF(PEL.LE.RPD)GO I1) 4
A)RPDIfPD-RPD
RK2=(DRPD/(CLK2.*C'DQ) )*((VISC/RVIs)**.25)*(DM P/DNS)

F2=SQRr( ((iKI/RK2)**2)-4.*((RPO-RKl*Q)/RK2))
Q2=( -(RK1/WKU2) +F2 )/2.
Q1=Q-Q2
DPl=RK1*Ql
PIYV-( DPI+PDI+PD2) *A
GU TO 4

3 PDT--(50./Dl))*Q*A
4 BLE(LEG+ 1 NL) =BLEG( LEJ+1l *NL) +ABS PEf/Q)

RLrflJH
END
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6.2.7 Subroutine DACC7

Gas Charge
Valve

Gas Fixed Flow

In or Out of Port

Fxed Pressure
at Port

Leg Lec

Size 1

Junctior, I

Accumulator Flow Point Pressure Point
Element Type 7 Element Type 7 Element Type 7

Ind Type 1 and 3 Ind Type 4 Ind Type 2

ELEMENT TYPE 7 - ACCUMULATOR
GP79-0981 33

FIGUR. 46

The type 7 accumulator is used also for fixed flews and fixed pressures;

see Figure 46. Subtype 1. is a passive (static) accumulator where no flow is

in the leg to the accumulator and the accumulator pressure is the same as the

pressure at the point where the leg branches off to go to the accumulator.

Subtype 2. is a fixed pressure point and maintains this pressure regardless of

the flow in the leg leading to or away from the point. This point has to be an

end point in the system and cannot be an intermediate point between 2 elements.

Subtype 3. is a dynamic accumulator. An accumulator may be a piston type,

bladder type, or an air to oil type. Any of these types can be input as Type 7

because an accumulator power capability is based on the precharge gas volume,

fluid minimum and maximum volume and initial pressure or initial fluid volume

are used only when the dynamic accumulator is used. Subtype 4. is a fixed flow
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point with similar restrictions as the Subtype 2. This point will maintain the

constant flow regardless of system conditions or changes in system conditions.

When a call to DACC7 subroutine is made the program flow is routed to the

appropriate section through the subtype indicator.

SUMMARY OF ELEMENT TYPE 7. SUBTYPE OPTIONS

SUBTYPE DESCRIPTION

1. STATIC PRESSURE POINT PRESSURE WILL BE CALCULATED AT PRESSURE
POINT

2. FIXED PRESSURE POINT SETS PRESSURE AT PRESSURE POINT

3. DYNAMIC PRESSURE POINT PRESSURE AND/OR VOLUME IS SET AT
PRESSURE POINT AND UPDATED DURING
PROGRAM CALCULATION

4. FIXED FLOW POINT FLOW IS SET AT PRESSURE POINT
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6.2.7.1 DACC7 Variable Names

Variables Description Dimensions

BRANCHP Array containing dynamic element --

data

IL Row location in BRANCHP array --

J Element sub-type
L Static accumulator
2 Fixed .pressure point
3 Dynamic accumulator

4 Fixed flow point

N Pressure point number --

NBP2 Total number of rows in BRANCHP --

array

NPQ Total number of rows in PQL array --

PQL Array of pressure points, flows and --

port numbers
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6.2.7.2 DACC7 Subroutine Listing

SUB$OUTIN2 DACC-(IL,k3RANCHP,NBP2,PQL,NPQ)
C DYIA44IC ACCUMIUA1'UR--FIXED FLOW OR PRESSURE POJINT
C 12/01/79

DINSILIl LRANCHP(1) ,PQL(l)
N=Bk4CHP( IL42*NlBP2)
J=BA:Q-IP( IL4.3*.,qBP2)
GO TO (4,1,2,3),J

1 PQL(N)=BRANCHP(IL+4*NBP2)
RLTUJRN

2 PQL' N) =B'k&4iPf IL+10*i4JBP2)
RLTLUttN

3 P.)L(N+NPQ) =BRANkiP( IL+4*N~BP2)
4 RLrfulKi

LIZ
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6.2.8 Subroutine DRESV

DRESV is the dvnamic subroutine for calculating the reservoir internal

pressure and bootstrap flow. Type 9 flow through reservoir type 91 appendix

reservoir and type 92 constant pressure reservoir are defined in this subrou-

tine. A type 9 reservoir, Figure 47, flows include the flow in the return

port and the flow out of the suction port to the pump. The flow in the

bootstrap line is dependent on the difference between the flow in and flow

out. Since the type 91 reservoir has only one low pressure Port, the flow

in the bootstrap line is directly dependent on this one flow. The calculated

internal pressure is dependent on the bootstrap pressure and is also refer-

enced to the external atmospheric pressure. For a type 92 reservoir, the

internal pressure is h,id constant bv an independent source.

PBS
AHP Piston Force Balance

~FHP
Vent 

Pressui e Seal

to Atmosphere

Piston Seal FATM

FSFR so

Oil
FLP

ALP - -/  

Pressure at Altitude
OPA ID92S 0.0036 xALTI50

PATM Atmos)herc Pressure (ps, PALT - P 519 AT
AHP High Pressure Area (itn -2)
ALP Low Pressure Ared (in. 2)
FR Frictional Force 0WI Force Balance
OR Return Flow (gpm)
0S Suction Flow to Pump (gpm) FLP = FHP R FATM FSFR

PBS Bootstrap Pressure (psil FLP PR x ALP
PR Reservoir Pressure lesi) FHP PBS x AHP

ALT Altitude (ft) FATM (ALP - AHP) x PALT

PALT Pressure at Altitude (psi) FSFR 10 x (Sum of Dynamic SealOds)

PDEL - Pressure Difference at Altitude (psi) PDEL = PATM PALT

FLP Force of Internal Reservoir Pressure Ilb) PR = (PBS x AHP (PDEL x (ALP AHPl4 FR)

FHP Force of Bootstrap Pressure (b) ALP
FATM Force of Atmospheric Pressure 0b)
FSFR Equivalent Force Resistance of Seal Friction (Ib)

FIGURE 47

FLOW THROUGH RESERVOIR
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6.2.8.1 Math Model - The reservoir model includes the parameters shown in

Figure 47. The model is basically a force balance on the reservoir piston.

The direction of piston motion is obtained by comparing flow in and flow out

for the flow through reservoir and the flow direction for the appendix reser-

voir. When the piston direction is determined, the flow direction for the

bootstrap is determined.

6.2.8.2 Approximations - Not applicable.

6.2.8.3 Computations - The reservoir physical parameters are initialized from

BRANCHP array. For an appendix reservoir, an energy loss term for the flow in or

out of the volume is calculated because the flow direction in the appendix lint

is not fixed.

Referencing to a standard atmosphere, the pressure at altitude is cal-

culated and PDEL is

PDEL=PATM-PALT

The previous iteration bootstrap pressure is used in calculating the internal

reservoir pressure. Based on the piston direction, the friction term always

opposes the direction of motion.

The internal reservoir pressure is calculated as

PR (PBSxAHP- (PDELx(ALP-AHP) )+FR)/ALP

The calculated reservoir internal pressure is input to PQL array to be

used as a fixed pressure for the iteration. The same pressure is used for the

flow through reservoir suction pressure at the reservoir. A calculation is

made for the flow in the bootstrap line as

QL=(QR-QS)x (AHP/ALP)

For an appendix reservoir QS-0. This value is input to PQL array column 2

as a flow gain or loss.

6.2.8.4 Assumptions - Not applicable.

6.2.8.5 Limitations - Not applicable.
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6.2.8.6 DRESV Variable Names

Variable Description Dimension

AHP High pressure area IN 2
ALP Low pressure area IN2

ALT Altitude FT

BLEG General purpose array

BRANCHP Dynamic element data storage array __

DENP Fluid weight density at system pressure LB/FT3

DENS Fluid weight density at atmospheric pressure LB/FT3

DIAO Diameter of previous element IN

DIAR Reservoir piston diameter IN

DP Energy loss pressure drop PSI

DI0O Weight density at 100*F LB/FT 3

EL Energy loss coefficient PSI/GPM 2

FLUIDF Viscosity-pressure correction factor at 100'F --

FLUIDK Viscosity-pressure correction factor at fluid --
temperature

FR Piston friction force LB

IL Row location in BRANCHP array

Jl Bootstrap pressure point number 
-_

,12 Return/suction pressure point number _-

LR Return leg number

Ml Bootstrap pressure point number

M2 Return port leg number

M3 Suction port leg number

M4 Return port pressure point number
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Variable 1).c r it ion Dimension

M5 Suction port pressure point number --

NBP2 Total number of rows in BRANCHP array

NL Total number of rows in BLEG array

NPQ Total number of rows in POL array --

PALT Atmospheric pressure at altitude PSIA

P'.VIAB Atmospheric ambient pressure PSI

PATM Atmospheric pressure PSI

PBS Bootstrap pressure PSI

PDEL Difference between standard and atmospheric PSI

pressure

POL Array of pressure points, flows and port numbers --

PR Internal reservoir pressure PSI

PRO Previous calculated pressure PSI

PRD Previous calculated reservoir pressure PSI

OL Leakage flow rate in bootstrap pressure line GPM

QR Return port flow GPM

QS Suction port flow GPM

SKBS Function to calculate exit pressure drop --

SKSB Function to calculate entrance pressure drop

TEMP Fluid temperature °F

TY Element type

VISC Fluid viscosity at atmospheric pressure CENTISTOKES

Vi 00 Fluid viscosity at 100OF CENTISTOKES
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6.2.8.7 DRESV Subroutine Listing

SUBROUTINE DRESV(TY, IL,BRANCHP,NBP2 ,BLEXG,NL,PQL,NPQ)
C CALCULATES DYNAMIC RESISTAN4CE AN~D INTERNAL
C RESERVOIR PRESSURE DATE 12/01/79

COMWN /BLK1/TEZ P,VISC,OENS,D1OO,PAMB,ALT,FLUIDF,FLUIDK,VIOO
DIMENSION4 BLEG(1),PQL(l) ,BRANCHP(l)
IF(TY.EQ.9J..)GU 1D 1
IF(TY.EQ.92.) GO 10 11
FR=-BRANCtIP( IL+9*NBP2)
M1=BRANCHP( IL+5*NBP2)
PBS=PQL( Ml)
1Ff PBS.EQ.(-1.) )PBS=3G00.
ALP=BRANCHP( IL+8*NBP2)
AHP=BRANCHP( IL*7*NBP2)
M2=BRANCHP( IL+10*NBP2)
M3=BRANCHP(.IL+12*NBP2)
QR-BLEG( t.2+2*NL)
QS=BLEG(M3+2*NL) *BRANCHPt IL+13*NBP2)
GO TO0 5

I QSO
ALP=-BRANCk4P( IL+6*NBP2)
AHP--BRANCHP( IL+5*NBP2)
LR-BRANCHP( IL.+9*NBP2)
QR=-BLEG( LR+2*NL)
DIAO=BLEGX( R43*NL)
FR=-BRACHP( 1L47*NBP2)
J1=BRANCHP( IL+4*NBP2)
PBS=PQL(JI)
J2=BRANCHP( IL+3*NBP2)
PRD=PQL( 32)
IF (PRO. EQ.-l.) PRO-50.
IF(PBS.EQ.(-1.) )P8S=3000.
w~AxC=(ALP'/.7854)**.5
IF(QR) 2,5,3

2 ELi-SKBS( DLAJ<,LIAO,Dl00)
GO To 4

3 iEL=SKSB(D1AO,iJ1AR,Dl00)
4 Djj4P-=( .+PRU/;UJ(UU.) -DENS

DP-EL* (DENP/D100) *QR*QR
BLkXG( R44*NL) =BLEG( ER44*NL) -DP

5 CONTINUE
PAT,4= 14. 6999
PAL'=PAAB
PDEL=PAT.M-PALT
IF(ABS(PDEL).LT. .00l)PDUL.0.
1FfQH-QS)6,7,8

6 PR=-( PB*Ar4j-( PDEL* IALP-AIIP) )-FR)/ALP
GO '10 9

-PR=(P3*AHP-I(PDEL*(ALP-AHP) ))/ALP
GO To 9

8 pj -(PB3*Ajjp..qPDEL*(ALP-AiP) )+FR)/ALP
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6.2.8.7 (Continued)

9 COTINLUE
IFt'Y.EQ.91)GO TOJ 10
QL ( QR-Q) *(AjP/ALP)
PQL( m1+NPQ) QL
M4=BRANCHP( IL+4*NBP2)
L£45=BRANCHP( IL+6*NBp2)
PQL(M44)=PR
PQL(M'5)-PR
RETUlRN

10 PQL(J2)=PR
PQL( Jl+NPQ) =QR* (AiP/ALP)
RETURN

11 CWNTItJE
tMl=BRANCHP( IL+3*NBP2)
PQL(Ml)=B3RAUCHP( IL+5*NBP2)
M1=BRANCHP(1L+4*NBP2)
PQLQ11)=BRANCHP(IL*5*NBP2)
RETURN
END
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6.2.9 DPEC10 Subroutine

The DPEC10 subroutine is used in SSFAN to allow the use of special

elements in a hydraulic system that cannot be described by the other

element subroutines. Values of flow versus pressure drop for an element

at a specific temperature and viscosity are read into the BRANCHP array. The

DPEC10 subroutine, in conjunction with INTERP, returns a pressure drop for

a given element, temperature, viscosity and flow.

6.2.9.1 Math Model

The maximum number of data points for flow vs PD is six at a temperature

and viscosity. Extrapolation for values greater than the data points are

allowed. The pressure drop for the element is corrected for viscosity

before it is returned to the main program by the following equation.r 1.25

PD PD VISC Program (i)
Program From DPEC1O VISC Element

6.2.9.2 Assumptins - Not Applicable.

6.2.9.3 Computations

The DPEC10 subroutine is called from TTL subroutine. The DARR subroutine is

called to place the viscosity and temperature data for the special element into two

arrays FARRI and FARR2. For only two data points linear interpolation is

used and IDEG is set to 10. Otherwise the call to INTERP for the elements

current flow in the leg (Q) contains a second degree interpolation. This

pressure drop from INTERP is viscosity corrected by equation (1) and program

control is transferred to TTL.

6.2.9.4 Approximations - Not applicable.
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6.2.9.5 Limitations

DPECl0 is a versatile subprogram that allows the addition of any

specially made element in a hydraulic system, if the element is modeled

correctly.

6.2.9.6 DPEC1O Variable Names

Variable Description Dimension

ALT Altitude FT

BLEG General purpose array

BRANCHP Dynamic element data storage array

CK Calculated resistance coefficient for single
data point input

DENS Fluid weight density at atmospheric pressure LB/FT3

DP Pressure drop corrected for viscosity effects PSI

DPI Pressure drop uncorrected for viscosity effects PSI

D1O0 Weight density at 100F LB/FT3

FARRI Dummy array for flow data

FARR2 Dummy array for pressure drop data

FLUIDF Viscosity-pressure correction factor at 100'F --

FLUTDK Viscosity-pressure correction factor at fluid --

temperature

IDEG Degree of interpolation

IL Row location in BRANCHP array

IND Solution indicator
= 0 Normal interpolation
= 1 Extrapolation outside of data range

K Integer row number in BRANCHP array --

LE; Leg number

M Number of data polntu
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Variable Description Dimension

MI Locator for BRANCHP to determine if linear --

interpolation should be used

NBP2 Total number of rows in BRANCHP array --

NI, Total number of rows in BLEG array

PAMB Atmospheric ambient pressure PSI

Q Leg flow rate GPM

RP Rated pressure drop for single data point input PSI

RQ Rated flow for single data point input CPM

"IEMP Fluid temperature OF

VIsC Fluid viscosity at atmospheric pressure CENTISTOKES

V00 Fluid viscosity at IO00F CENTISTOKES
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6.2.9.7 DPEC1O Subroutine Listing

SUBRO)UTINE DPEDCO( IL,BRANCHP,NBP2,BLEG,NL)
C DYNAM4IC RESISTANCE~ FOR SPECIAL ELEMENT DATE 6/28/78

DIM'ENSION~ 9HANC~HP(1) ,BLEG( 1)
DIMENSION4 FARR1(6) ,FARR2(6)
COMMON /BLKI/TEkiP,VISC,DNS,D10,PAMiB,ALT,FLUIDF,FLUII(,VOO
DATA FARR1,FARR2/12*0./
K=I L
LEG-BRANCHP( K+20*NBP2)
M=BRA.\EHP( K+6*NBP2)
Ml=7+(2*M)
Q=ABS(BL3( LEG+2*NL) )+.O00001
I DEG-2O
IF(BRAiCHP(K+41*NBP2) .GT.O. .AND.M.LT.6)IDEX=-10
IF(M.t;.A)c '10 2
IF(M. EQ.2) IDEGX=10
CALL DARR(FARRI,FARiR2,1, K,F3RALCHP,14BP2)
CALL INTERP),FAi2,FAi;LRI,IDEG,M,DPI, IND)

1 DP-DP1*((VI3C/bRAN4CHP(K+5*NBP2) )**.25)
IF( IDG.LQ. 10) DP--Dkl* (VISC/r3RANHP(K+5*NBP2))
DP=DP/Q
BLLG( LEG+11*NBP2) =BIZG( LEG4.11*N8P2)+DP
RkeTURN

2 R=--RANCHP ( K+7t*NBP2)
RQ=BRki4CCHP( g+8*NBP2)
CK=RP/RQ**2
DPI=CK*Q*Q
IF(IDEG.EQ. 1O)DP1=(RP/RQ)*Q
GO TLO 1
END
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6.2, 10 Subroutine DTEE24

DTEE24 is the dynamic element model for a tee.

6.2.10.1 Math Model

When DTEE24 is called from TTL subroutine, the connecting ports to

the tee are initialized for the assembly direction and connecting ler

numbers. rhe flow into each port and the port area and fluid veloeitv

are also calculated. A test is made for flow direction, then the eer-v

loss for combininp or divieing flow is calculated. Figure 48 shovws

tee and its branch point representation.

Juntio 
Junction 3

-- Junction 2
(The Branch of the Tee is Always Junction 2)

The Six Flow Conditions for a Pee in PPF;24

FIGURE 48

,rEE
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6.2.10.2 Assumptions - See Appendix C.

6.2.10.3 Computations

The method of derivation for the tee and cross element flow dividing

and flow combining energy losses is shown in Appendix C.

6.2.10.4 Approximations - See Appendix C.

6.2.10.5 Limitations - Not applicable.
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6.2.11 Entry DCR025

DCR025 is called from TTL and is similar to DTEE24. The connecting ports

are initialized for assembly direction and connecting leg numbers. The previous

calculated flow rates are initialized for the flow rate and flow direction in

each leg. Using this information the energy loss for combining or dividing flow

is calculated similar to the tee calculation as shown in Appendix C. There are

fourteen flow conditions for the cross. The cross and tee are both represented

as one branch point during dynamic calculation.
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6.2.11.1 DTEE24 - DCR025 Variable Names

Variable Description Dimension

A Port area IN2

ALT Altitude FT

B Array for marking beginning or end of leg
at junction

BLEG Array containing calculation data --

BRANCHP Array containing dynamic element data --

DENS Fluid weight density at atmospheric pressure 
LB/FT3

DI Flow direction indicator

DP Calculated pressure drop PSI

D1O0 Weight density at 100
0 F LB/FT3

FLUIDF Viscosity-pressure correction factor at 100*F --

FLUIDK Viscosity-pressure correction factor at fluid --

temperature

I Integer counter

IL Row location in BRANCHP array --

M Integer counter

N Array for leg numbers

NBP2 Total number of rows in BRANCHP array --

NL Total number of row, in BLEG array --

PAMB Atmospheric ambient pressure PSI

Q Fluid flow rate (see Appendix C) GPM

QO Fluid flow rate (see Appendix C) GPM

QI Fluid flow rate (see Appendix C) GPM
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Variable Description Dimension

Q2 Fluid flow rate (gee Appendix C) GPM

TEMP Fluid temperature OF

V Fluid velocity (see Appendix C) FT/SEC

VO Fluid velocity (see Appendix C) FT/SEC

VI Fluid velocity (see Appendix C) FT/SEC

V2 Fluid velocity (see Appendix C) FT/SEC

VlO0 Fluid viscosity at H0OF CENTISTOKES
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6.2.11.2 DTEE24 - DCRO25 SubroutingListing

SUBRDUTILAJE DT1±24( IL,BRANCHP,NBP2,BLE)G,NL)
C DYNAMIC RESMSANCE FOR TEE REV 12/10/79

DIIENSI1' N(3),DI(3),Q(3),A(3),V(3)
CalMiON /BLKI/TE14P,VISC,DENS,D100,PA4B,ALT, FLUIDF,FLUIED(,V10
DI14ENSICN4 BRANCHP(1) ,BLEXG( 1)
DO 1 I=1,3
N( I)=BRANCHP(IL+(6+I)*NBP2)
B=BRANCHP( IL+(9+I)*NBP2)*2.-l.
Q( I)=BLX(N( I)+2*NL)
A( I)=(BRANCHP( ILi+(3+I)*NBP2)**2)*.7854
V(I)=( (ABS(Q(I))*231./60.)/A(I))/12.
DI(I)=B*Q(I)

1 CONTINUE
IF(DI(1)*DI(2)*DI(3) )2,11,14

2 IF(DI(2).GT.0.)GO '10 3
GO TO 6

3 IF(DI(1).GI .0.)GDO 104
GO W1 5

4 VO=V(3)
V1=V( 1)
V2=V( 2)
GO 'Mf 7

5 VQ=V~1)
V1=V(3)
V2=V( 2)
GO TO 7

6 VO=V(2)
V1=V(1)
V2=V(3)

7 DP-.68*V0**2+.18*Vl**2+.55*V2**2-.36*VO*Vl1.2097*VO*V2
GD 10 9

8 DP-VO**2+.55*V1**2+. 55*V2**2.2097*VO*(V1+V2)
9 DP=-(DP*DENS)/(144.*32.2)
DO 10 M=1,3
IF(DIGi4) .LT.0. )BLEG(N(M)+4*NL)=BLEXG(N(M)+4*NL)-DP

10 CONTINUE

it IF( DIt 2).EQ.0.)RgrURN
IF(DI(2).GT.0.)GO To0 12
VO=V( 2)
V1=V( 1)
IF(DI11) .LQ.0. )Vl=V' 3)
GO 10 13

12 V0=V(1)
IF(DI(1) .EQ.0. )VO=V(3)
V1-V(2)

13 DPl-.5*VO**2+. 55*Vl**2-.2097*VO*VI
GO 'X) 9

14 IF(DI(2).LT.0.)GU 710 15
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6.2.11.2 (Continued)

GO TOV 18
15 IF(DI(1).LT.O.)GO 10 16

GO TO 17
16 VO=V(3)

V1=V( 2)
V2=V( 1)
QO=Q( 3)
Ql=Q( 2)
Q2Q( 1)
GO TO 19

17 v0=V(1)
Vl=V( 2)
V2=V( 3)
0Q(1)
Q1=Q( 2)
Q2=Q( 3)
GO TO 19

18 VO=Vf 2)
V1=V(1)
V2=V( 3)
00=Q( 2)
QJ=Q(1)
Q2=Q( 3)
GO 'A) 20

19 DP=-.3*Vl**2+.48*v2**2+VO**2-2.*V0*( (V2*Q2+V1*Q1)/QO)
GO 10 9

20 DP-. 3*Vl**2+ 3*V2**2+VO**2.466*VO*( (Vl*QL+V2*Q2)/QO)
GO 10 9
E~NTRY ECk025
RET1JRN
END
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6.2.12 Subroutine DVS034

DVS034 is the dynamic subroutine for calculating the internal resistance

or losses for a type 34 (four way three position valve), a type 35 (three-way-

two position valve), a type 36 (2 way-two position valve), a type 37 (flow

regulator), and a type 38 (orifice sizer).

6.2.12.1 Math Model

The type 34 valve model is shown in Figure 49. Five internal flow

paths are considered in the valve. There are three positions identified as

<1,t rol codc I. 2 and 3.

P R R R

C3 4 C3 C4

CONTROL CODE 1 CONTROL CODE 2 CONTROL CODE 3

TYPE 34 VALVE

Figure 49

Using control code 1, pressure is ported to C3 and C4 is ported to return.

Leakage flow is from pressure to return and high resistance are placed in the

legs from P to C4 and C3 to R. Leakage flow is considered to be laminar and

normal flow through the valve is considered turbulent. When control code 2 is

used, pressure is ported to C4 and C3 is ported to return. High resistances

are placed in the legs from P to C3 and C4 to return. With control code 3 the

valve is closed with high resistances placed in all legs. Leakage flow is considered

to be from P to R and may be input by the user.

The type 35 valve, Figure 50, has three internal flow paths and two control

codes (1 and 3).

206

m/
... WIlm m , i l , mmm . -u ll



P I R

C C

CONTROL CODE 1 CONTROL CODE 3

TYPE 35 VALVE

Figure 50

Control Code 1 ports pressure to C and Control Code 3 ports C to

Return.

The type 36 valve, Figure 51, has only one internal flow path,

but has two control codes (I and 3). It is a simple on-off type valve.

PRP

CONTROL CODE 1 CONTROL CODE 3

TYPE 36 VALVE

Figure 51

The type 37 flow regulator and type 38 orifice sizer are similar, except

the orifice sizer calculates an orifice diameter through FLOCHEK subroutine.

The flow regulator model, orifice sizer model, Figure 52, places a high resistance

in the internal leg and uses a Qloss and Qgain term for the fixed flow rate. If

the pressure drop is less than the minimum pressure drop, the Qloss and Qgain terms

are set to zero and a low resistance is placed in the internal leg.

Qloss Qgain

Qin / Qout

High Resistance
in Internal Leg

FIGURE 52 FLOW TYPE 37 AND 38 REGULATOR AND ORIFICE SIZER
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6.2.12.2 Assumptions - Not applicable.

6.2.L2.3 Computations -

T-he valve physical and flow characteristics are initialized from VS034

array. Laminar pressure drop for leakage from pressure to return is

calculated as

IP = CKLxQ

and turbulent pressure drop for normal flow through the valve is calculated

as 'P = CKTxQ 2

Where TP - Pressure drop in psi

Q - flow in gpm

CKL - laminar flow coefficient

CKT - turbulent flow coefficient

6.2.12.4 Approximations - Not applicable

6.2.12.5 Limitations - Not applicable
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6.2.12.6 DVSO34 Variable Names

Variable Description Dimension

ALT Altitude FT

ARRYl Computational array

BLEG General purpose array

BRANCHP Dynamic element data storage array --

CK Resistance coefficient

CKL Laminar leakage coefficient PSI/GPM

CKT Turbulent leakage coefficient PSI/CPM

DENS Fluid weight density at atmospheric LB/FT 3

pressure

DPL1,DPL2, Resistance factor for valve internal leg PSI/rPM 2

DPL3,DPL4,
DPL5

DPl Minimum pressure at rated flow PSi

DP2 Pressure difference between inlet and outlet PSI

D1O0 Weight densitv at 1000 F LB/FT 3

FLUIDF Viscosity-pressure correction factor at 100OF --

FLUIDK Viscosity-pressure correction factor at fluid --

temperature

IL Row location in BRANCHP array

IND Indicator to FLOCHEK subroutine
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Variable Descrip ion Dimension

IPI Upstream pressure point number for flow regulator --

type 37

IP2 Downstream pressure point number for flow regulator
type 37

J Integer counter

K Row location in BRANCHP

LEG Leg number

M Operating code (see Figure 4-9) --

MLEG Dummy array for leg numbers

NBP2 Total number of rows in BRANCHP array --

NI, Total number of rows in BLEG array --

NPQ Total number of rows in PQL array --

PAMB Atmospheric ambient pressure

PQL Array containing pressure point data --

P1 Inlet pressure PSI

P2 Outlet pressure PSI

RPL Rated pressure drop for leakage conditions PSI

RPT Rated pressure drop for rated flow PSI

RQL Rated flow of flow regulator GPM

RQT Rated flow of valve (PM

RQI Rated flow for flow regulator type 37 GPM

TEMP Fluid temperature OF

TY Element type

VISC Fluid viscosity at atmospheric pressure CENTISTOKES

VRATIO Viscosity ratio

VIO0 Fluid viscosity at 100 0 F CENT I STOKES
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6.2.12.7 DVS034 - Subroutine Listing

SUBROUTINE DVSO34(TY,IL,BRANCHP,NBP2,BLEG,NL,PQL,NPQ)
COMMON /BLK1/TEMP,VISC,DENS ,D100,PAMB,ALT,FLUIDF,FLUIDK,VI00
DIMENSION 1BRANCHP(l),BLEG(l) ,PQL(J.)
DIMENSION MLEG(5) ,ARRAY1(5,3)
K'IL
IF(TY.EQ.37. .OR.TY.EQ.38.)GO TO 10
MLEG( I.)-BRANCHPCK+15*NBP2)
MLEG(2 )BRANCHP(K+L6*NBP2)
MLEG(3)-BRNCHP( K+17*NBP2)
MLEG(4 )-BRAlCllP(K+18*NBP2)
MLEG(5)-BRANCHIP(K+19*NBP2)
M-BRANCHP( K+1 4*NBP2)
RPTa-BRANCHPCK+1O*NBP2)
RQT-BRALICHP( K+9*NBP2)
RPL-BRANCHP(K+1 3*NBP2)
IFCBRANCHPCK+12*NBP2) .EQ.O. )BRANCHP(K+12*NBP2)-.OO1
RQL-BRANCHP( K+1 2*NBP2)
CKT-RPT/RQT**2 .0
CKL"'RPL/RQL
VRATIO-(VISC/BRANCHP(K+l 1*NBp2))

IF(TY.NE.36.)GO To 2
C ****TYPE#36 TWO WAY-TWO POSITION SOLENOID VALVE*****

ARRAY1(1., 1)-ABS(BLEGCMILEGC1)+2*NL))
ARRAYI(1 ,2)-CKT*(ARRAY1(1,1))**2.O
ARRAYI(1,2).s(ARRAY1(1,2)*VRATIO**0.25)/ARRAYI(l,l)
ARRAYli 1,3)-CKL*ARR.AYI(1,1)
ARRAY1(1,3)-(ARRAY1(1,3)*VRATIO)/ARRAY1(1,1)
IF(M.NE.1) CO TO I

C *****VAL.VE IS OPEN AND FLOW IS TURBULENT*****
DPL1.ARRAYI( 1,2)
BLEG(MLEG( 1)+1 1*NL)-BLEG(MLEGC 1)+1 1*NL)+DPLI
GO TO 9

1 CONTINUE
C *****yVLV IS CLOSED AND FLOW IS LAMINAR*****

DPL1-ARRAY1(1 ,3)
BLEG(MLEG( 1)+1 1*NL)-BLEC(MLEG( 1)+1 1*NL)+DPL1
GO TO 9

2 CONTINUE
IF(TY.NE.35.)GO TO 5

C *****TYPE#35 THREE WAY-TWO POSITION SOLENOID VALVE*****
Do 3 J-1,3
ARRAYI(J, 1 )-AS(BLEG(MLEG(J)+2*NL))
ARRAYI(J,2)-CKT*(ARRAYI(J,1))**2.0
ARRAY1(J,2).s(ARRAYI(J,2)*VRATIO**.25)/ARRAYl(J,l)
ARRAY1(J ,3)-CKL*ARRAYI(J ,1)
ARRAY1CJ,3)n(ARRAYI(J ,3)*VRATIO)/ARRAYI(J, 1)

3 CONTIN4UE
IF(M.NE.l) GO TO 4

C *****VALVE IS OPEN P-C FLOW IS TURBULENT*****
DPL1u-ARRAY1(1 ,3)
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6.2.12.7 (Continued)

JkL2=ARK.AYl(2 ,2)

ILG(.LE()+11*L)-BLEG(MLEG( 1)+11*NL)+DPL1

kLCG(A4LEG(2)+11*NL)=B3LEG(MLEG( 2)+1 1*N;L)+DPL2

BLEG(AlLEG(3)+I1*NL)=3.E07
GO TO 9

4 CONTINUE

G *****VAL~VE IS CLOSED C-R FLOW IS TURBULENT*****

DPL1=ARRAY1( 1,3)

DPL3'=ARRAY 1(3,2)
IlL F'- (:LEG( 1)+1 1*NL)=BLEG(MILEG( 1)+1 1*NL)+DPLI

IILEG(:ILEG(2)+1 1*NL)=3.E07

BLEG(MILEG(3)+11*NL)=BLEG(MLIIEG(3)+1 1*NL)+DPL3

GO To 9

5 CONTI NUE
IF(TY.NE.34.)CO TO 9

C *****TYPE#k34 FOUR WAY-THIREE POSITION SOLENOID VALVE*****

DO 6 J=1,5

ARRAY1(J,I)=ABS(BLEG(MILEG(J)+2*NL))
Ai(RAYI(J,2)=CKT*(ARtRAYI(J ,1)**2.O)

ARR(Y(J,2)=(ARRAY(J,2)*VRATIO**.25)/ARRAYI(J4l)

Ai(RAYl(J ,3)=CKL*ARRAY1(J,1)
AR~RAY I(J ,3)=(ARKAY I(J,3)*VRATIO)/ ARRAY I(J, 1)

6 CON~TINUE
IfcM.EQ.2) Go To 7
IF(A.EQ.3) GO TO 8

C *** VALVE IS OPEN P-C3 AND C4-R **

DPLI=ARRAYI(1i,3)
DiPL2=ARAYl (2,2)
DPL5=ARRYL( 5,2)
BLEG(N LEG( I)+I I*NL)=BLEC(MLEC( 1)+1 l*NL)+DP)Ll

[LEG(ML1EG( 2)+1 1*NL)=BLEG(MILEG( 2)+1 I*NL)+DPL2

3lLG(M,,LFG(3)+1 1*NL)=3.EO7
BLE(;(.'LhG(4)+1 1*NL)=3.E07

iLEG(MLE.G( 5)+II*NL)=BLEG(MLEG( 5)+1 1*NL)+DPL5
GO To 9

7 CONTINUE
C

C VALVE IS OPEN P-C4 AND) C3-R

C
DPLI-ARRAYl(1 ,3)
LPL3-ARRAYI ( 3,2)
DPL4-ARR\Y1 (4,2)

:3LEG(.LEG()+ *NL)BLEC,(MLEG(I)+ *NL)+DPLI
3LEG(-ILEC'(2)+I 1*.qL)-~3.EO7
BLEG(ellEG"(3)+1l*NL)-BLIEG(MLEG( 3)-I-i*NL)+DPL3

iLE-G(;lLlI;C(4)+1 l*NL)-BL:C(MLEG(4)+l 1*NL)+DPL4
iLIF(M'LECG( 5)+l 1*NL)-3. E07
Go To 9

8 GONTIN>UFE
C
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6.2.12.7 (Continued)

C ~ * VALVE IS CLOSED)

DPL1=AI(RAY1(1 ,3)

BLEG( iLEG( 2)+1 1*NL)=3 .EO7
L3LEG(MLEG( 3)+1 I*NL)=3.EO7
B LEG C1LCG( 4)+1 I *NL)=3. E07
BLHC(:ILt-'u( 5)+l 1*N'L)=3. E07

9 CONTiINUE
KETU AU

RQI =BRANCllP( K+5*,NBP2)
IP1=BRANlIiP(K+3*NjBP2)
IP2-bkt\NCHP( K+4*Nl6P2)
LEG=BRANClP(K+15*N3P2)
IF(IND.G;E.1)GO To 11
PQL( 1Pl+NPQ)=( -RQI)
PQL( 1P2+NPQ)=RQI
BLEL(LEU+I l*NL)=3.E9
RETURN

11 PI=PQ(IP I)
1'2=PQL( 1P2)

DIBAlNCIIP( K+6*,NBP2)
DP2=Pl-P2
lF(DPI.LE(.)rl1=1.

CK=DPI/R(21
BLEG( LEG+1 I*NL,)=CK
RETURN
ENDI
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6.2.13 Subroutine DMTR8

DMTR8 is a dynamic subroutine for calculating the internal flows and

pressure losses in a hydraulic'motor. The motor may be a 2 port or 3 port

model, see Figure 53.

Internal Leg

Inlet Port Outlet Port

Internal Leg Case Drain Port

(Assembled only i (Optional)

Case Drain Port is Used)

Hydraulic Motor

FIGURE 53

6.2.13.1 Math Model

The motor losses are calculated and input into BLEG column 5. If the

motor should be stalled, MTRCHK places an indicator in the data column 15.

If there is an indicator in this position, a high resistance is placed in BLEG

column 12.

6.2.13.2 Assumptions - A minimum break out torque of 60 psi is assumed.

6.2.13.3 Computations - Input Torque = Output Torque (Load)/Efficiency

PRESS DROP 2i'* INPUT TORQUE/DISPLACEMENT

6.2.13.4 Approximations - Not applicable.

6.2.13.5 Limitations - Not applicable.
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6.2.13.6 DMTR8 Variable Names

Variable Description Dimension

BLEG General purpose array

BRANCHP Dynamic element data storage array --

CDK Leakage coefficient

CDL Rated case drain leakage flow GPM/3000 PSID

DELP Pressure difference between inlet and outlet PSID

DISPL Motor displacement IN3/REV

DP Pressure drop PSID

EFF Overall motor efficiency %

IL Element row location in BRANCHP

0=normal
IND Indicates normal or stalled condition 

-s-alled
l=stalled

LEG Leg number inlet to outlet

LEG1 Leg number inlet to case

NBP2 Total number of rows in BRANCHP array --

NDP Case drain pressure point number (If used) --

NL Total number of rows in BLEG and ILEP arrays --

NPQ Total number of rows in PQL array --

POL Array of pressure points, flows and port numbers --

PRI Inlet pressure PSI

PR2 Outlet pressure PSI

P1 Inlet pressure point number --

P2 Outlet pressure point number --

0 Flow rate GPM
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Variable Description Dimension

TORQL Load torque IN-LB

T? Equivalent inlet torque IN-LB
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6.2.13.7 DMTR8 Subroutine Listing

SUBROUTINE DMTR8(IL ,BRANCHP ,NBP2 ,PQL,NPQ,BLEG,NL)
DfIENSION BR.ANCHP(l) ,PQL(l) ,BLEG(l)
INTEGER P1,P2
LEG-BRANCHP( IL+15*NBP2)
LEG1-BRANCHP( IL+16*NBP2)
IND-BRANCHP( IL+14*NBP2)
Q-BLEG( LEG+2*NL)
BRANCHP( IL+13*NBP2 )-Q
PI-BRANCHP( IL+4*NBP2)
P2-BRANCHP( IL+6*NBP2)
DISPL-.BRANCHP( IL+7*NBP2)
TORQL-BRANCHP( IL+8*NBP2)
EFF-BRANCHP( IL+9*NBP2)
CDL-BRANCHP( IL+1O*NBP2)
IF(IND.GE.l)GO TO I
TT-TORQL/EFF
DP=2 .*3.14159*TT/DISPL
BLEG( LEG+4*NL)..-DP-6O.
GO TO 2

1 BLEG(LEG4II*NL).s3.ElO
2 NDP=BRANCHP( IL+6*NBP2)
IF(NDP.EQ.O)RETURN
PR1=PQL( P1)
PR2-PQLC P2)
DELP-PRI-PR2
CDK-3000 ./CDL
BLEG( LEG 1+1 1*NL)-CDK
RETURN
END

217



PRECWUMNG PAM BLNK-NIOT MILD

SECTION VII

OUTPUT

The output section of SSFAN is contained in the main program and special

purpose subroutines. The input data cards are printed from the main program

immediately after they are read and before any data processing is done. OPUT4

subroutine prints the heading and data deck title. OPUT3 subroutine prints the

system assembly of legs and pressure points and OPUT2 subroutine prints the

corresponding pressures and flow rates. QTCALC subroutine prints the quasi-

transient data in conjunction with GRAPH2 subroutine.

7.1 OPUT4 Subroutine

The heading and data deck title are printed from OPUT4, see Figure 54.

This output is used for the input data card output, the assembly output and the

calculated pressure and flow output.

7.2 OPUT3 Subroutine

The system assembly output is printed from OPUT3 subroutine, see Figure 55.

Leg numbers and branch point numbers are computer assigned and are cross referenced

to junction numbers in this output. The leg number is printed with its upstream

and downstream pressure point number. The corresponding upstream and downstream

junction numbers are next printed.

The elements that have assigned pressure point numbers are next output with

its name and junction number(s).

7.3 OPUT2 Subroutine

OPUT2 subroutine is used to print the flow rates and pressures, Figure 56,

in a corresponding order to the assembly output from subroutine OPUT3. The

computer assigned leg number and calculated flow rate for the leg are first

printed. Next, the computer assigned pressure point number and the calculated
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7.3 OPUT2 Subroutine (Continued)

pressure are printed. The input temperature for the pressure point is printed in

the last column.

7.4 Main Program Output Data

The main program prints out the data cards immediately after they are read.

This data may be used for trouble shooting of incorrect input data. The column

number headings are printed at the top of the data with data fields of column

width 8, identified bv alternating +'s and S's. Data cards 1 through 6, system

parameters are shown in Figure 54. Figure 57 shows the input data from cards 7

and on,immediately after it is read.

7.5 Quasi - Transient Data Output

The quasi-transient data output is of 3 types; (1) Pressure versus time,

(2) Flow versus time and (3) Piston position versus time. These are user selected

and an example of each type is shown in Figures 58, 59, 60 and 61. The type of

output is printed at the bottom of each graph along with the system data deck

title. The junction number associated with the output is also printed. The

tabulated data of Figure 58 contains all the calculated time steps and .ay

contain more points than are plotted on the graphs.
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SSfAS, -- SA.IPLE CASE NUtiBER I

3 2 .D I-PRESS PLOT 2-FLOW PLor 3-PIST POS PLOT

L Ax. J ;t JOT JCi

145.OuU 145.U00 145.oo

2.U0 1.O00 3.000
u.000 0.MOO 1.OO
O.uOO 0.00 0 .•OO.
0.000 0.000 5.000
o.OU .0OO 0.0O0

0.0U00 0.uuu 1540.270 0.000
.050u o.0u0 1540.274 0.000
.low 0.000 1540.274 0.000
.150O 0.000 1540.274 0.OO
.20uu 0.000 1540.274 0.000
.2500 0.000 1540.274 0.000
.3000 .000 1540.274 0.000
.3500 0.00 1540.274 0.000
.40J0 0.000 1540.274 0.000

.4)00 O.00 1540.274 0.000

.5O0 0.000 1540.214 0.000

.5)J0 2.155 2292.819 .092

.OOuO 2.344 2309.449 .193

.o50o 2.443 2321.160 .297

.7oou 2.333 2332.894 .405

.7500 2.613 2344.616 .517

.8000 2.t83 2356.582 .632

.85JO0 2.744 23(8.680 .749

.JUJU 2.796 2380.915 .db9

.93Jj 2.640 2393.Zo7 .990

i uWU 2.610 24U5.717 1.113

1.uj*u 2.90b 24H8.246 1.236
Il,,j u 2.929 2.30.63) 1.3t3

1.1 ,A, 2.947 2443.4u7 1.489
L. z.uu t.,)o 2450.125 1.616
1.2.,u 2.907 2468.793 1.743

1. !o), 2.97U 2481.516 1.870
1.3)j 2.9 bb 2494.230 1.997

1.4,))u 2.9b3 2506.909 2.123

1.5JU 2.954 2519.540 2.250
1.5 (XJu 2.941 2532.111 2.37b

1.55u0 2.t2o 2544.610 2.501

I . K 0 2.9u7 2557.027 2.625
I.,lidu 2.d2 2569.347 2.748
1.7,Uu 2.656 2581.546 2.871

i. )uu 2.629 2593.t,25 2.992
i .iuuO 2.,3uo 2b05.580 3.111

1 . ,,)),,, 2.7,8 2611.403 3.230
1. )),) 2.136 2,29.084 3.347

1.4 ,A 2.704 2u40.622 3.463
2 . 2.0l79 2b52.)17 3.577
1.,'0 2.37 2b63.244 3.b40
2.1uu 2.,0J 2674.290 3.801
2.! )"Jt( .2.0 2o85.212 3.911

.) u 2.532 2b95.946 4.019
". 2 . J6 27Uo.5Z 4.126

2. ) 3..14 21113.894 4.274

2. ,J + 3.1 3 d 27z6.515 4.417

2.4OU J.2o 2/42.933 4.557

2.4juJ 3.17- 2
7

50.993 4.693

3. ,,1. 2770.6J8 4.825
2. ))3 2163. t$44 4.953
.. )u3 2796.479 5.000

2.,6 "3p., ')2 3009.95b 5.000
I Jv .,),2 U09.9)5u 5.000

2.1,)u .092 ',6 ) '.

F1CIURE 58 QUASI-TRANSIENT

TABULATEI) DATA
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3300.00 +-------+------- - ----------- - - --------- -- --------------........--
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FIGURE 59 QUASI-TRANSIENT PRESSURE
VERSUS

TIME COMPUTER PLOT
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FIGURE 60 QUASI-TRANSIENT FLOW
VERSUS

TIME COMPUTER PLOT
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7.6 OPUT4 Subroutine Listing

SUBROUTINE OPtJT4
CWO:To /BLK9/FTYPE(16) ,PRI.;T(4)
WRITL(b,3)

I FOR!IAT(- -,8(*)

WRITE(6,2)
WRITE(6,1)

2 FORAAT(- - 3 4(-*),-SSFAN PROC 1N,33(-*))
3 FORMAT(1,80(-*))

4 FORMAT(//' '-(DATA DECK ----------------- 8Al0//)
RETURN
END
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7.7 OPUT3 Subroutine Listing

SUBROJUTINE OPUT3( ILEIZ,BLEG,NL,POL,NPQ)
C OPEUr3 LIiTS LEG NUJMBERS UP & Ct4 STREAM% PRESS P'rS & JCr ND

DIAENSIGOJ ILEP(1) ,BLEG(1) ,PQL( 1)
COMMON /BLK9/FrYPE( 16) ,PRINT(4)
WRITE~(108,1) (F'rYPE(M) ,M=1,8)

1 FORMAT(8A10)
WJRIfTL108,2)

2 FORMAT(//59hLEG Na-LEG [END PR<ESSURE PT NO-JUNCTION PT NO & ELEMENT
1 TYPE)
W~dTt;(108,3)

3 FOR IT(//,1X,3iiUiG,2X,IPRESURE Pr,3X,L3JHBRANCi/END PT,LX,lH*,1X
1, 5HPRESS, 2X, 7HLDNT, 9X, 8HJUNCTION)

WRITE( 108,4)
4 FORMT(X,3i'.O. 2X,4H(UP),3X,4H(DN),4X4H(UP),4X,4H(IN)lXlH*,lX
15HIPT NO,19X,7/HNUM4BERS)
DO) 25 M=1,100
IF(ILEP(M) .EQ.0.AND).PQL(M+2*NLPQ) .EQ.0. )G) TO0 26
IF(PQL(M+2*NPQ).EQ.0.)O TO0 21
IF(PVL(H1+2*NPQ).EQ.5)GO TO0 7
IF(PQL(M+2*NPQ).EQ.7.)Gn TO0 9
IF(PQL(M+2*NpQ).EQ.9.)GO TO11
IF(PQL(rM+2*NPQ).EQ.91.)GJ f11i
IF(PQL(Mh+2*PQ).EQ.9.)GO TO11
IF(PQL(M+2*N4PQ).EQ.4. .OR.PQL(M+2*NPQ).EQ 41.)GO To0 13
iF(PQL(M+2*NPQ).EQ.24.)G) 10 15
iF(PQ)L(M42*NPQ).EQ.25.)a) 10 17
IF(PQL1M+2*NPQ).LQ.13.)(JO TO 5
IF(PQL(;vl+2*NPQ).EQ.34.)GO M1 19
IF(PQL(MI+2*NPQ).EQ.8.)GO 1 23
IF(PQL(M'+2*iVJQ).LQ.35.)Ci) 1 19
IF(PQL( ,M+2*NPQ).EQ.36.)GO '10 19
IF(PQL(P4+2*NPQ) EQ.3 7 .)G) '10 19
IF(PQL(M+2*NPQ).LQ 38.)G() 10 19
GO TO 25

5 WJRITL(108,6)M lILk.P( 1),ILEP(M+NL) ,BLEG(M%,) BLEG(M+NiL) ,M,PQL(A4+3*NPQ)
6 FORAT(I3,6,I7,F9.0 P80l~dX1,X3FPF70

GO 10 25
7 WRIIL( 108,8)M,ILEP(k4) ,IL2(M-NL) ,BLEG(Ml) ,BLEG(M+NL) ,M PQL(M+3*NPQ)
6 F04AT(3,I6,I7,F9.o ,F8.0,lX, IH*,lX,I5,4X,4HPUtIP,F16.0)

GO M1 25
9 VqITL(08,10)M,ILEPe(1) ILEP(M+NL),BLEG(M),BLEG(M+NL),M,PQL(M+3*NPQ

1)
10 FO)RiAT(I3,I6,I7,F9.,F8.,X,H*,X,I5,4X,5iAU,F15.0)

00 M1 25
11 VRdTE(108,12)M,ILEP(M),IIILP(M+NL),BLEG(M),BLEG(M+N'L),M,PQL(,M+3*NPQ
1)

12 FORMAT(I3,I6,I-7IF9.0,F8.,X,I*,X,I,4X,4ESVF16.0)
GO '10 25

13 WRITE1 108,14)LM,ILEP(,)I),ILEP(M+N4L),BLEG(M) BLEG(M+NL),M,PQL(M+3*NPQ
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14 FORMAT(I3,I6,I7.F9.0,F8.0 1X,1H*,lX,I5,4X,4HACrR,F16.O)
GO) TO 2 5

15 wiRI'rE(108,16)M, ILLP(M) ,ILEP(M+NL) ,BLLG(M) ,BLiLG(i'1+NL) ,M,PQL(M+3*NPQ
1) ,PQL(LI+4*NPQ) ,PQL(,%+5*NPQ)

16 FO&-IAT(I3,6,I7,F9.0,F8.O 1X,ldi*,lX 15,4X,3h'fLE,FIl.0,lH-,F5.0,ld-
1, F5 .0)
GO '10 25

17 WRIT.( 108, 18)il, ILLP(M) ,ILLP(M+NL) ,BLEG( M) ,BLLG(t-'i+NL) ,A, PQL( A+3*N4Pf
1 )
2PQL(M,'+4*NPQ) ,PQL(M+5*NPQ) ,PQL(Mv+6*NPQ)

18 FORLh1T(I3,I6,I7,F9.0,F8.0,1X,1H*,1X,I5,4X,5i1CRO)sS,F8.0,1H-,F5.0,1
Iii- ,F5 .0,in- ,F 5.0)
a) TO0 25

19 vRITL(108,20)ii,ILLP(i) ,ILEP(G4+NL) ,BLEG(M) ,BLEG(M-4L) ,M,FVL(M+3*NPQ
1)

20 FoHiAr(j3,6,7,F9.0,F8.0,lX,1Hi*,lX,I5,4X,3HVLV,F18.0)
GO '10 25

21 vRirth(108,22)M,ILE(4) ,ILkP(4+NL),BLEG(M) ,BLEG(1i4iL)
22 EDRIIAT(3,6,I7,F9.0,F8.0,1X,lH*)

GO '10 25
23 WRI'rL(108,24)ivl,ILEP(M) ,ILEP(t4+NL) ,BLEG(.1),BLFXG(M+NL) ,M,PQL(M4i+3*NPQ
1)

24 FOERAT(I3,I6,I7,,F9.0,F8.O,1X,1H*,lX,I5,4X, 5HMOTOR,F15.0)
25 CONTRivE
26 RETUPN

END
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7.8 OPUT2 Subroutine Listing

SUBiR3UMI 02ur2( ILEP,BULG,NL,PQL,NPQ)
COMMON /BLK1/TUE1P, VISC, DENS, DO0, PAMB, ALT, FLUIDC, FLUI DK, VIOO
DIt4LNSII'J ILEP( ) ,8EGQ ) ,PQL( 1
COMON /13LK-7/ILR<H, IT ER
wRIT;( 108, 1) IrER

1 FOfilAT(//13HITkLRATIJNS = 13)
wRi'rE( 108,2)ALT

2 FO8&-IAT(lidALTiTrUDE = F8.2,IX,2FP)
kvAIL( 108,3) PA.AB

3 FURMAT(19HAriBIENT PRESSURE2 = ,F8.2,1X,4hPSIA)
,iRIrfb( 108,4)

4 FOR4AT(///3HiLk,6X,4HFLOW,5X,2H**,5X,8HPRESSURE,6X,8HPRESSURL,6X,l
11H-1r,PERATURE,/31liO. ,6X,5ki(GPivi),4X,2ii**,6X,6HP'r NO. ,8X,6H(PsIG) ,8X
2,7H(DEG F))

DO 10 1-1=1,10000
IF(ILEP(A4).EQ.0.AiJD.PQL(M).EQ.0. )GJ TO 11.
IF(ILEP'l).IEQ 0.)GO 'IM 8
IF(PQL(.M).EQ.0.)GO 'TO 6
WRITL(108,5)M,BLG(.1+2*NL) M,PQL(M) ,BLLG(M4+l3*NL)

5 FORLIAT(3,2X,F9.2,4X,21**,6X,I5,6X,FIO.2,8X,F7.2)
GO ITO 10

6 viRIrt( 108 ,7)14,3LEG(r 1+2*NL)
7 FOIMT(13,2X,F9.2,4X,21H**)

GO TO 10
8 WifIm(108,9)M PQL(I1) .BLEG(JM+13*N.)
9 mRi~2ATtI8X,21H**,6X,I5,6X,FIO.2,8X,F7.2)

10 CcO'rI,%UL
11 REIWJN

E~ND
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SECTION VIII

UTILITY SUBROUTINES
8.1 INTERP Subroutine

The INTERP subroutine provides interpolation for continuous or discon-

tinuous functions of the form Y = f(X). INTERP is a shortened version of a

MCAUTO library functional subroutine named DISCOT.

INTERP uses two other subroutines, DISERI and LAGRAN, to derive the depen-

dent variable from tabulated data input by the programmer. Subroutine

DISERI gives the data points around the X variable. Lagranges interpolation

formula is used in the LAGRAN subroutine to obtain a Y value. For an X

value lying outside the range of the tabulated data, the Y is extra-

polated. Fluid viscosities are calculated in LAGRAN by using the ASTM equation

for viscosity (See Appendix B). A fluid viscosity - pressure correction factor

FLUIDF is also calculated from the ASTM viscosity/temperature slope and

slope/constant equations as described in Appendix B.

8.1.1 Solution Method

The INTERP subroutine provides the necessary control parameters to DISERI

and LAGRAN to yield a dependent variable. The subroutine arguments are as

follows:

Subroutine INTERP (X, TABX, TABY, NC, NY, Y, IND)

Where:

X - Argument of function Y - f(X)

TABX - X array of independent variables in ascending order

TABY - Y array of dependent variables

NC - Control word

Tens Digit - Degree of interpolation

Units Digit - 0 - Lagrange interpolation

I - Viscosity calculation with ASTM equation

2 - FLUIDF calculation
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NY - Number of data points in the Y array

Y - Dependent variable

IND - Interpolation Indicator

0 = Normal interpolation

1 = Extrapolation outside the range of data points

8.1.2 Assumptions. Not applicable

8.1.3 Computations. The degree of interpolation is decoded from the

control word NC in the INTERP subroutine argument and passed to DISERI. The

error indicator IND is set to zero. On finding the data point closest to the

X value from DISERl, it is entered into the LAGRAN subroutine argument. If

the ASTM equation is to be used for a viscosity calculation, IDX is set

to -1. For the FLUIDF computation IDX equals -2.

8.1.4 Approximations. Not applicable

8.1.5 Limitations. The X data points must be entered in an ascending

order. When tabulating a discontinuous function the independent variable (X)

at the point of discontinuity is repeated, i.e.,

XIs X2 , X3 P X3 , X4 , K5

YIp Y 2 9 Y 3 Y4 0 Yb5' Y 6

Thus for discontinuous functions there must be K + 1 points above and below

the discontinuity, where K is the degree of interpolation.
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8.1.6 INTERP Variable Names

Variables Description Dimensions

IDX Degree of interpolation

IND Solution indicator

= 0 Normal interpolation

= 1 Extrapolation outside of data range

NC Control word

NPX Dummy array

NPXI Location of data point X, Y for inter- -

polation

NY Number of Y data points -

TABX X array of data points -

TABY Y array of data points -

X, XA Independent variable

Y Dependent variable -
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8.1.7 -INTERP Subroutine LIdting

SUB3ROUTPINE IIJTLP\P( X,TAi3X,TA3Y,NC1 NY, Y, IND)

ID!X=( NC-( NC/l00) *1 30)/10
I N ID= .1
XA =X
CALL DSR~A'A1 1 ,yIxNx1'D
NPX1=NPX( 1)

CALL LAGF'A(XA,TA3XCNPXI),TA3Y(cNPX1),IDX+1,Y)
R LTU RN

N ND
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8.2 DISERI Subroutine

The subroutine DISERI returns the array location of the lower bound

value of the interval in which the independent variable lies. DISERI is a

modification of a MCAUTO library subroutine named DISSER.

The arguments for the DISERI subroutine are as follows:

Subrcutine DISERl (XA, TAB, I, NX, ID, NPX, IND)

XA - Independent variable

TAB - X array

I - Tabulated data location

NX - Number of points in the independent array

ID - Degree of interpolation

NPX - Location of lower bound for data point XA, in the TAB array

IND - Indicator

8.2.1 Solution Method. Not applicable

8.2.2 Assumptions. Not applicable

8.2.3 Computations. On entry of the independent variable, XA, and the tabu-

lated data form the TABX array, DISER. finds the tabulated data values that

bound XA, and returns the smaller one to the calling program. If XA were

to lie outside the lower end of the data, DISERI would return the first data

point as the lower bound. Should XA lie outside the upper tabulated value,

the ;econd from tile last data point location is returned by DISLRI.

8.2.4 Approximations. Not applicable

8.2.5 Limitations. Not applicable
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8.2.6 DISERI Variable Names

Variable Description Dimensions

IND Solution indicator

I, ID, IT, J, NLOC,
NLOW, NPB, NPT, NPU, Integer counters
NPX, NUPP, NX, NXX

Tab Array of independent variables

XA Independent variable
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8.2.7 DISERI Subroutine Listing

SUB3ROUTIN~E DISEIX1IXA,TAB,I,NX,ID,NPXIND)
DIMEN'ST ON TAB( 1)
IF( XA-TAB( I) )1,2,3

1 IND=IND--1

lNPx=I
RLT~URL4L

2 XA=TAL3(I1)
iqPX=I
i 'ETUI .N

3 J=I+il/-1
IF (XA-TAi3 (J) )6,5,4

4 IND=IAD+1

RETURN~
5 XA=TAB3'3)

NPX=J-ID
RETU RN

6 N~PTIiD+

7 1i)=iX- I
GO rO 6

b NPX=I
RELT URN

9 NLO,4=1+NPj

IFI.i4X-20) 15, 15, 10
10 NXX=i4X/24-I

IF(XA-TA3I NXX) )11, 14, 12
11 '4X.=NXX-NX/4

IF(XA-TAL3(,XX) )15,14,14
12 ,qXX=,4xX+.,X/4

IF' XA-TAt& NXX) )13, 14, 14
13 4LUW=NAX-.JX/4

GO T'O 15
14 N LO#N=L4X X
15 DO 16 ll=NLOA,NUPP

LNLOC=1 I
I F( 'Ad ( II) -XA) 16, 1717

16 CUNT I qU L
LNPX = N UvP- 14:'tB+ 1

R LTU k i

END
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8.3 LAGRAN Subroutine

The LAGRAN subroutine interpolates or extrapolates a data point from

two known tabulated values. In addition, LAGRAN calculates viscosity

using an ASTM viscosity equation and a fluid viscosity-pressure correction

factor. The LAGRAN subroutine arguments are:

Subroutine LAGRAN (XA, X, Y, N, ANS)

XA - Independent variable

X - X array

Y - Y array

N - Solution Indicator

-1 = FLUIDF Calculation

0 = Viscosity Calculation

-1 = Degree of Interpolation

ANS - Dependent variable

8.3.1 Math Model. LAGRANGES interpolation equation is used in this sub-

routine to calculate the dependent variable. The LAGRANGE formula is:

m
P(x) = X L (x) Yi (1)

i=0

Where:

Li (x) is the Lagrange multiplier function.

L. (x) (x-x0) (x-xI)'.'(x-xi1 ) (x-xi+l) . (x-x ) (2)

i(x_x (x iX )..(xixi) (xixi+) ... (xixn)

The LAGRANGE equation generates a polynominal between two lata points.

The degree of the polynominal is that specified by the index value N.

The dependent variable is returned as ANS in the subroutine argument.

An ASTM viscosity equation (See Appendix B) is used in the calculation

of viscosity. The ASTM charts are based on this equation.
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LOG [LOG (v+c)] = A - B LOG T (3)

Where:

c = a constant

T = Temperature, *RANKINE

v = Viscosity, CENTISTOKES

A,B = Constants for each fluid

LOG = Log to the base 10

The computational form of equation (3) is explained in Appendix B along

with the mathematical formulation for the FLUIDF term.

8.3.2 Assumptions. The Lagrangian equation generated by the subroutine

only uses the data points around the dependent variable to generate a poly-

nominal for interpolation. The last or first set of two data points is used

for extrapolation.

8.3.3 Computation. The procedure LAGRAN performs, whether it be inter-

polation the viscosity or the FLUIDF calculation, is always recognized by

testing the N argument in the subroutine statement. If N is equal to minus

one, then the FLUIDF factor is calculated. For N equal to zero the viscosity

is computed. Otherwise N specifies the degree of interpolation to be used

by the Lagrange formula. All results are returned to the calling program

through the variable named ANS. The LAGRAN interpolation is a direct appli-

cation of equation (1) to the given data.

Before evaluting the viscosity equation (3) for the viscosity value at

XA temperature, the constants A and B must be calculated. They are solved

using the data points that surround the dependent variable, or the first or

last set of two data points if the dependent variable lies outside the range

of the tabulated data. With the constants calculated for this fluid the vis-

cosity can be computed from Equation (3).

241



8.3.4 Approximations - See Appendix B for a more thorough discussion on the

approximations made for the viscosity and FLUIDF computations.

8.3.5 Limitations - Since the Lagrange method only uses two data points to

interpolate it can become inaccurate for remotely spaced tabulated data

points. Any degree of interpolation greater than two can lead to erroneous

results.

8.3.6 LAGRAN Variable Names

Variable Description Dimensions

A Constant for viscosity

ANS Dependent variable

B Constant for viscosity

I,J Integer counters

N Method of solution

-1 = FLUIDF Calculation

0 = Viscosity calculation

>0 = Degree of interpolation

PROD Lagrange partial product

P1 LOG LOG of (Y(l) + C) CENTISTOKES

P2 LOG LOG of (Y(2) + C) CENTISTOKES

Tl LOG of T(l) OR

T2 LOG of T(2) OR

X X-array

XA Independent variable

Y Y-array

The other data variables are explained in Appendix B.
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8.3.7 LAGRAN Subroutine Listing

6Lut-U1JilINE LAGRANx(kA,X,Y,A,ANS)

IE(o4.EQ.-I)GjU iX) 6
IF(i'.LQ.U)GO TO 4

DO 3 I~i,N
kPRUD=Y(I)
DO 2 J=I,N

IF(A) 1,2,1
1 3=(XA-X(J))/A

PROD= PiOD* 3
2 CONTI4UL
3 SUM=S Ui1+ PROD

AN6~= SUM
RET U Ri

C VISCOSITY CALCULATION
4 CONI'INUL
AI=U.

A2=0.
IF(Y(2) .LE .2. )A2=EXP(-1.4-?.1.84*Y(2)-.51*Y(2)**2)
Pl=AL-(.IuIALUCIQ0(Y(1)+.7+Al))
P2=AL,)GIOALOGIO(Yi.2)4.'+A2))

rf2=ALU(.AU(X( 2)+460.)
B= ( 1I- P2)/(T-T)
A=P 1+B *'r 1
Z=IU**(U**(A-B*ALOG1J(XA+4oU.)))
IF(Z.LE.2.7)GU To 5
AN6=Z-.7
RETURN

5 A~S ( -7 -X ('-7 813 2 5 ( - ' + 6 1 * Z . ) *
A-. 3193*(Z-/.7)**3)
RE TURN

C Fi'LUIDF CALCULATION
6 W 4T I -U L

Pi=AL-3G10(AL-JGlU(YfI)+.6))
P2=ALUG1U(ALOGli(Y( 2)+.6))
TL=ALGIIJ(XI 1)+460.)
T2=ALOUIUiX 2 Xf)4-46U.)

VU=10**IiI)**(A-L3*ALU.U(XA+460.)))-.6
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8.3.7 (Continued)

£DLLX=bt.iU9l9*S
a=b. b 5/±TLX
IF'(S.LT. .b)zi.b
i.' s .GCT. i .U -,)s .1 0
A~H=.32-138*31313*35488***
i3LTI =5.33425+19.9521*S-23.9448*,S*S+10.155*S*S*S
Ciil=3.35452-13.1213*S+1'.1'12*S*S-1.6551*S*S*S
A",J5iALPtIA+3LiA'!*ALOGIO(\10)+Ct1I*(ALOGI1O(VO) )**2

R L- u RN
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8.4 SIMULT SUBROUTINE

SIMULT is a subroutine for in-core solution of large, sparse systems of linear

equations (Reference AS). The sub-program employs minimum row minimum column

elimination. A limited number of zeros is stored and trivial arithmetic is used

to preserve computer storage and to reduce the time required for solution. SIMULT

is used in conjunction with CALC to obtain the system flows and pressures.

8.4.1 Solution Method

Excellent discussions on the Gauss-Jordan elimination technique can be found

in many numerical analysis textbooks. Briefly the method is based on the three

elementary row operations:

1. Interchange of any two rows.

2. Multiplication of a row by a scalar.

3. Addition of a multiple of one row to another row.

For example by applying a sequence of row transformations to a system of simult-

aneous equations

allxl + a + ... + ax = b

aix, +a 2 ... +a" =b

Expressed in augmented form

[ 11 1 12 2 lmm

ai a 12 aim b

a21 a 22 a2m b

Laml am? a bm 1
ml m2 mm

Yields
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where I is the identity matrix and X is the solution. The Gauss-Jordan elimination

technique used in SIMULT requires elimination of only the elements in the upper

or lower triangular partition of the array which is followed by a back substitu-

tion to obtain the solution.

Three arrays are generated that contain the number of non-zero elements

in each row (IRENTO), the number of non-zero elements in each column (ICENTO)

and the column number of each non-zero element (ICOLO) of an N x N array. These

arrays are updated each time an element is eliminated or generated, so that the

current row and column count and element location are available for pivot selection

and row addition.

In SIMULT the IRENT array is searched to find the row with the least number

of non-zero coefficients that has not been previously selected as the pivotal row.

Should two or more rows satisfy this criteria, the row with the smallest row index

is selected. Next the ICENT array is searched to select the column with least

number of entries. In the event that two or more columns contain the same number

of elements, the column with the smallest index is selected as the pivotal column.

Each row-column selection is thus used in the back substitution to obtain the

solution.

8.4.2 Assumptions - Not applicable.

8.4.3 Computation - Upon entry into SIMULT the number of non-zero elements in

each column and row of the M x M solution matrix is stored in ICENT( ) and

IRENT( ). At this point the remainder of the program is contained within three

nested loops. The outer loop selects a new pivotal element on each pass. The

pivot element is stored in the order array for future use during subsequent

iterations iterations in the CALC program. This is a time saving device to

eliminate the necessity of selecting the same sequence of pivot elements on each

iteration. Once the pivotal element has been selected, the pivotal row is normal-
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ized by dividing the row by the pivotal element. Since the pivotal element is

normalized, it is set to one as a precaution against round-off errors.

The second loop is entered, which involves a row-by-row search for rows

containing elements in the pivotal column. If the number of entries in the

pivotal column has been reduced to one entry, there is no need to continue

and the program selects a new pivotal element. Also if the pivotal row is

selected all further tests are bypassed and the next row is selected since

operations on the pivotal row are not permitted.

Finally, the inner loop is a column-by-column search of each row to deter-

mine if the row contains the pivotal element. At this point, there are three

alternatives available:

1. If the column index in the row being searched is less than the

pivotal column, it is necessary to continue searching the row.

2. If the column index is greater than the pivotal column, the row does

not contain the pivotal column and a new row must be selected.

3. If the column index is equal to the pivotal column, the row contains

the pivotal element and the row can be operated on by the pivotal row.

If the conditions in 3 are met, the pivotal row is multiplied by the negative

of the element in the pivotal column of the row being operated on. Then the two

rows are added. The element being eliminated is simply dropped from consideration

by moving all entries to its right one space to the left. All elements remaining

in the row are compared to ZTEST to see if any elements other than the element in

the pivotal column were eliminated. If so, the row was further compressed to

eliminate the zero entry from the row. Finally, the row is tested to see if the

row count is zero which indicates a singularity. If a singularity is encountered

an error message is printed:

* SINGULAR MATRIX-NO SOLUTION*
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If a singularity is not encountered, the program continues looping until a

pivotal element has been selected from each row and column, at this point, the

solution vector is stored in the CALC2 array in a scrambled order. The solution

is then unscrambled and stored in numerical order in the first column of the

A( ) array.

8.4.4 Approximations - In situations where it is known that an operation will

result in a zero or a one, the arithmetic operation is bypassed and the element

simply set to zero or one.

8.4.5 Limitations - SIMULT is set up to solve only sparse systems of linear

equations.

8.4.6 SIMULT Variable Names

Variable Description Dimension

ATEST, C Dummy variables

CALCI( ) Matrix of coefficients --

CALC2( ) NU matrix of constants --

IC,II,IK Dummy variables

ICENT( ) Array containing number of non-zero --
elements in each column of CALCI

ICOL( ) Array containing column location of each --

non-zero element of CALCI

IORDER( ) Array giving pivot selection based on --

min-row min-column criteria

IRENT( ) Array containing number of non-zero --

elements in each row of CALCI

ITER Iteration count

IX,IY,J,JKL,JKOP, Dummy variables
JKPI

JCENT Array identifying the number of non-zero
entries in each column of CALCI
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Variable Description Dimension

JCOL Array identifying the non-zero filled
columns of CALCi; the rows correspond to the
rows of CALCI; elements in each row corres-
pond to column number in each row of CALCi

JRENT Array identifying the number of non-zero

entries in each row of CALCI

LKJ,NAA,NK Dummy variables

NPQ Total number of rows in array

NU Number of equations

OPROW Dummy variable

PIVCOL Pivot column

PIVROW Pivot row

X,ZTEST Dummy variables
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8.4.7 SIMULT Subroutine ~isqt.*ng
SUl3ROUiIoJE SIi'iUL'r( i U, ItLRCALCI ,CALC2 ,JCOL, JRLrT,J(.iATl, ICEN4T,

AIz<ENT, IORDER, ICOL,NPQ)
DOULJLE; PRECISION C,X
INTi:,GLR PIVRO ,,PIVCOL,OPROW
DIPIXL61ON CALC1(l),CALC2(.1),JCOL(),JRNTr),JCEpuri1),ICOL,1)
DLA~LNSION ICLNT(1),IREX'T(l1),IORDER(1)
ZTE&I'=0 .0
WAA= 9

C BUILD IRL14T, ICENT, AL4D ICOL
DO 1 I=1,NU
IRi.NT( I) =Ji<LT( I
IC ENTi( I ) =JC biT( I)
DO I J=1,5

DO 24 LKJ=1,NU
IF(1TLh.N'L.I) GO TO 4
IA(IOUOUO
DO 2 I=1,NU
I F( IALA( I.G E. I K.R. I RENTI.L E. 0) GO TO 2
PI VRk= I
IK=IREtNT( I)

2 CONTINUt
I OR DLR( LKJ)=P I ROi
IK=1000U

DO 3 1=1,IC

I F ( I C tNfi( I).GIK . H.I CENT(I I.L E. 0GO TO 3
PIVCOI.=I I
IK=lCLN'T( II)
IY=I

3 CONTI 4UL
I ORUDE K L KJ+ NP,))=P IVCO L
IO9DLiU LKJ+2*NPdQ) =IY
GO'T 1 5

4 P I V iu = I URD L R(L KJ)
P I VC UL= IuRDL k ( LK J+N P Q)
I YlUKDti( LKJ+2*NPQ)

5 X CAiC ( PI ,04+(I Y- I) *N PQ)

Do) 6 J=1,IC

CALC .2( eVVhv)CALC2( P1VROv.)/X
iDo 22 1=1,iqu
IF! ICLNTiI iIVCL).kLQ.1)G0 TO 23
lF(I.EQ.PVHL)') 4..0 TO 22

DO 21 J]=1,IC
IF(IC1h;( I+VJ-1)*NPQ)-kJTVCOL) 21,',22

J KPI 1
C=-CALCI(JPk0W(J-1) *LqJPQ)
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8.4.7 (Continued)

X=CALC2( PIVRO4) *C+-CALC2(ODPR~vi)
CALC2(OPROv0=X

8 CONTIAUL
IF( ICOL( PIVROvw+(JK9I-1)*t1PQ).EQ.0) GO TO 22
IF( ICOL( 'OPROvdi(JKOP-1)*NPQ).EQ.0) GO TO 9
IF CL IRe+JP-) )-CLORW(KP1*P) 9,12,

120
9 IkRENT( I )=IRLNT( I)+1

II=IA3S( IRENTf 1))
IF I!GT.NAA)vvRIPL( 6,10)11

10 FOhIAi(10X,*EXC~r;k;l- YAA COLUN &UM3Er<*,II0)

JKL=JKOP+l
11 CON1TL'JUL

1,& 1I-1
CALC1(OPRO"+(Il-l)*LPQ)=CALC1(3)PROW+(IXK-1)*NPQ)
ICOL(3DPROw4(11-1)*NPQ)=ICOL(OPRv+(IX-1)*NPQ)
II=IX
IF( I.GL..JKL) GO TO 11

CALC 1(3PROo+ ( JKOP-1) *NPQ) =X
ICOL( UPRO'j+( JKOP- ) *N~PQ)=ICOL( PTVROV4( JKPI-1 )*j4PQ)
IX=ICOL( OPROW+( JKOP-1 )*NPQ)
ICENr ( IX) =ICENT( IX) +1
GO TO 19

12 IX=ICOL( OPROW+(JKOP-l)*.4PQ)
IF(IX.EQ.PIVCOL) GO TO 13

CALCI(OPROw-+(JKOP-1 )*tNPQ)=X
ATfST=DABS~( X )-ZTtEST
IF(ATEST.G'C.0.0)GO TrO 19

13 ICEiNT(IA)=ICENT(IX)-I
I RENT ( 3PlOv4 ) IRENT(OtPROW)-1
IF( IRLN'T( OPROW) )16 ,14, 17

14 CUNTI4WL
vR I rEf b, 15)

V) F0RMAT(10X,*SINGULAR MAIRIX-NO SOLUTION*)

16 CONTIAUL
IiKLNT( VRJ ) =IRENT( OPRcJ) +2

17 IX=IA6( IRLAT(OPRO-v)
DO 1S c4K=JKOk',IX
CALC(I+(NK-1) *NPQ).CALC1( I+i4K*NPQ)

18 ICUL(I+(NK-1)*NPQ)=ICJL(+sK*tPQ)
IX=IX+1
ICUL( I+( 1X-1)*NPQ)=0
JKPI=JKPI+1
GO TO" 8

19 JKPI=JKPI+l
2U) JK)P=JKOP+1

GO TCO 8
21 CONTINUL
ZZ CUNTINUE
13 LUNTi NU t
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8.4.7 (Continued)

I RENT( PIVROW) =-I RENT( PIVROW)
ICENT( PIVCOL)=-ICENT( PIVCUL)

Z4 CUN'INUi.
DU Z4o 11,NU
IlIIcUL( 11)

Z~ kALC(Ii)CALCZ(I)
R Ell U h IN
END
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8.5 VISD Subroutine

The VISD subroutine controls the computation of the fluid viscosity,

density, and a viscosity pressure correction factor at the system operating

temperature. The fluid density and viscosity are also calculated for a temper-

ature of 100'F. The VISD subroutine directs the proper data to the INTERP

subroutine which actually handles the calculation procedure.

8.5.1 Math Model - Not applicable

8.5.2 Assumptions - Not applicable

8.5.3 Computations - The first call to INTERP returns with the fluid density

(DENS) at the system operating temperature. The next call gives the density

at 100°F (D100). The third call to the INTERP subroutine yields the FLUIDF

term which is a viscosity-pressure correction factor. A DO loop is set up

with the number of viscosity data points NVIS at the upper parameter. If

the system temperature is the same as the input viscosity data temperature

input by the user, the viscosity is taken directly from the input data. The

same applies if the 100*F temperature is an input point. If either tempera-

ture cannot be found in the input data, INTERP is called to compute the

appropriate viscosities. Slctld a viscosity value ever be a negative

number, which could result Irom erroneous data input, IERROR is set to one

and program control is passed to SFA where an error message is output.

8.5.4 Approximations - Not applicable

8.5.5 Limitations - The parameters computed for the FLUIDF term rely on the

user input viscosity-temperature data. An erroneous FLUIDF factor may be

calculated if extrapolation outside the data range is required.

For any viscosity-pressure correction factors that are computed as nega-

tive values, FLUIDF is set to zero and thus there are no pressure correction

terms used in the program.
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8.5.6 VISD Variable Names

Variable Description Dimensions

I Current Viscosity Data Point

IERROR Error Indicator

0 = No error

1 = Program Termination

IND Interpolation Indicator

0 = Normal Interpolation

1 = Extrapolation Outside the
range of data points

The data variables stored in labeled common are explained in the Block

Data section of the Main Program description.
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8.5.7 VISD Subroutine Listing

SUBROUTINE VISI)
C REVISED IMARCH 3,1975

COMHLUN IBLK1/TEMP,VISC,DENS,D100,PAi4B,ALT,FLUIDF,FLUIDKYIOO0
COMMION /BLK2/VVISC(9),VTEMP(9),DDENS(2),DTEMP(2),NVlS
COMMON /BLK7/IERROR
CALL INTERP(TEMP,DTEMP,DDENS,10,2,DENS,IND)
CALL INTERP(l00. ,DTEMP,DDENS,10,2,DlOO,IND)
CALL INTERP(TE4P,VTEMP,VVISC,12,NVIS,FLUIDF,IND)
DO 1 I-1,NVIS
IF(TEMP.EQ.VTEM4P(I) )VISC=VVISC( I)
IF(VTEMP(I).EQ.100. )V100=VVISC(I)

1 CONTINUE
]F(VISC.NE.O.)GO TO 2
GALL INTEKP(TEMP,VTEM1P,VVISC,11,NVIS,VISC,1ND)

2 IF(VlOO.NE.O.)G0 To 3
CALL INTERP(100.,VTEMP,VVISC,11,NVIS,VIOO,IND)

3 IF(VISC.GT.O. .ANDf.V100.GT.O.)RETURNi
IERROKR-l
RETURN
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8.6 DARR Subroutine

The DARR subroutine is used in conjunction with element type 10 data

stored in BRANCHP array to provide the data points in two arrays for use

by the INTERP subroutine. The data stored in BRANCHP array have to be re-

located and put into a dummy array for use by the INTERP subroutine when

a pressure drop is required from one of the special components.

8.6.1 Math Model

Not applicable.

8.6.2 Assumptions

Not applicable.

8.6.3 Computations

Two arrays DARR1 and DARR2 are dimensioned to the maximum number of data

points for any one element in the special element array. That number is

brought through the subroutine argument with the variable name M, when M

is greater than 1. The row location in the BRANCHP array of the element

is K. A DO loop is set up to take the first M data points from BRANCHP

and insert them into the DARRI array. Another DO loop places the next M

data points into the DARR2 array. These two arrays with the special element

data points are then passed back to the calling subroutine.

8.6.4 Aproximations

Not applicable.

8.6.5 Limitations

Not applicable.
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8.6.6 DARR Variable Names.

Variable Description Dimensions

BRANCHP Dynamic element data storage array

DARR1 Dummy array containing M number of flow GPM
data points

DARR2 Dummy array containing M number of PSI
pressure data points

I,IG,IH,II,J,Jl Integer counters

K Row location in PEC10 array --

M Number of data points

NBP2 Total length of BRANCHP array

The description of the information stored in each element array may

be found in the individual element subroutines.
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8.6.7 DARR Subroutine Listing

6UiA{OUTINE DAriR(DARRI,DARR2,M,K,i3RANCHP,NBP2)
DIMLNSION k3±ANCH-P(1),DAR1UU(I),DARR2(A)

I=1
DU 1 J=7,IG
DAihl( I)=BRANCdP( K+J*NBP2)

IH=M+IG
IG=IG+l
DO 2 J1=IG,Id
DARR2( II)=BRANChPI K+Jl*NBP2)

2 I1=I1+l
RETrURN~
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8.7 VCHEK Subroutine

When the system is initially assembled, a flow direction is assumed for the

check valve, one way restrictor and relief valve, element types 3, 31 and 33

respectively. The check valve flow is initially assumed in the free flow direction,

the one way restrictor in the restricted flow direction and the relief valve

in the relief flow direction, but with the valve closed. This is done for stability

during the system balancing. When the system is balanced, a call to VCHEK checks

to see that the assumed flow direction was correct. If the assumed flow direction

was incorrect, the indicator is changed in the element data array to use resistance

factors for flow in the other direction. The indicator, IC, is then given a value

of 1 so that a rebalance of the system will again be done.

259! . 1



8.7.1 VCHEK Variable Names

Variables Description Dimensions

BLEG General purpose array __

BRANCHP Array containing dynamic element data --

I Integer counter

IC Indicator to rebalance system --

ILEP Array containing pressure point
numbers at end of each leg

KC,LC Integer counters

LEG Leg number (row in BLEG) --

MC Integer counter

ML Total number of legs in system --

NBP2 Total number of rows in BRANCHP array --

Nil Total number of rows in BLEG and ILEP --

arrays

NPQ Total number of rows in PQL array --

PQL Array containing pressure point data --

Q Leg flow rate

Ty Element type
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8. 7.2 VCHEK uibroutine List ing

SUB8ROUTINE VCifEK(IL ,IC , BRANCtIP',NUBP2 ,tLEG ,NL,1ILEP ,PQL ,NPQ)

KC=O
1 ix0 6 1=1,N6P2

TY=BiNtVCIP( I)
IFr(rY.E(Q.0.)Go Tfo 7
LEG=WRtANCl1P( 1+20*NM'2)
IF(TY.Eo.3.)Go TO 2
IF(TY.EQ .31.)c;o To 3
1F(TY.E(1.33.)GO To 4
Go( To 6

2 Q13LEG;(LEG+2*NL)
if(6RAN,'CliP(1+7*,Nliw2).EQ.-I.)GO To 6
IFGq.GT.O..Ai4O.iBRANClIP(I+6*NBP2).EQ.1.)GO TO 6
IF(QI.LT.O..AND.i\NCIIIp(1+6*NliP2).FQ.2.)GO '10 6
BRANCHiP( I+7*NBP2)=-l .
KC=KC+l
O) TO 6

3 q=BLEG(LEG+2*NL)
Ii(BlRAN\CuP(1+12*NoBP2).EQ.-1.)GO To 6

1F(QGT...AN.I~ANCp(I+O*~2).E?.1)coTO 6
IF(Q.LT.O..ANI.BIRANCHIp(I+1*NjjP2).E(Q.2.)GO TO'( 6
BR,\NCt'( I+12*NbP2)=-l.
LC=LC+ I
Go To 6

4Is F(lRANCiP(+7*NP2).Eq .-I)Go To 6
Ii:(BN AN\CIP(1+7*)BP2).(I.-1.)G, TO 6
IF(Q.GT.O..ANO4.BRA4CtIP(1+6*',1P2).E .1.)co To 5
IF(Q.LT.O..A\ND)ilNRNCiP(I+6*NBP2).EQ .2.)GO TO 5
Go TO 6

5 lI;(AIS(Pq(L(IE(1))-PQL(ILEP(I+NL))).LT.8RiANCIIP(I+5*NBI)2))GO TJ)
16

3RANCHIP( I+7*NBPZ~ )=-I.
21C=. IC+1

6 CONTI NUl
7 coNTrI NuE

I F (MC. GT. .0. OR .LC . T ..OR .Kc . (;Tr o0) ic 1
RLUTURIN.
END
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8.8 ACTCHEK Subroutine

ACTCHEK subroutine is used to determine whether or not there is

cavitation in an actuator. The system is allowed to initially balance

with a negative pressure in an actuator. When ACTCHEK is called, a check

is made to see if a pressure was negative. If it is the pressure is set to

0 psi and an indicator (IC = 1) is passed to CALC subroutine to indicate a

system rebalance is necessary. Additionally, NPQL2 array is reset to include

the additional fixed pressure point.
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8.8.1 ACTCHEK Variable Names

Variables Description Dimensions

BRANCHP Array containing dynamic element data --

IC Indicator to rebalance system --

INDEX Pressure point number --

J,Jl Integer counters

KOUNT Row location in PCHECK array --

N Branch point number of actuator --

NBP2 Total number of rows in BRANCHP array --

NE Actuator extend pressure point number --

NPQ Total number of rows in PQL array --

NPQL2 Array containing fixed pressure point --

numbers

NR Actuator retract pressure point number --

PCHECK Dummy array for actuator data --

PQL Array containing pressure point data --

TEST Calculated internal actuator pressure PSIG
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8.8.2 ACTCHEK Subroutine Listing

SUBiROUTINE ACTCIIEK(,N,IC,BRANCHiP,N$P2,PQLNP9)
C CtIECK FOR CAVITATION IN ACTUATORS

DIAENSION BRAINCHP( I), PQL( 1)
C0'1.'ON /iBLK3/NPQL2(2o) ,PQL2(20)
DIAENSION kCfECK(25,5)
KOUNT=O
DO 3 J=1,NBP2
IF(jiRNCIP(J) .NE.4. )GO TO 3
IF (BRA\NCI(J+13*NolP2).E(.O.O)GO TfO 4

C :NE,NR ARE PRESSURE POINTS FOR ACTUATOR~
MU.-BRANCiP ( J+3*NjP2)
NR=BRA14CiP( J-14*NBP2)
IF (P(QL(NE).GE.O.O)Go To I

C CAVITATION~ O; EXTENDING SIDE
KOUNTKO U NT+
PCIIWCK(KOUNT ,I)=NE

PCHECK( KOUNT,2)=4.
PCHIECK(KOUJNT 3)=PQL(14E)
PCiIECK(KOUNT,4)=I.
PCllECK( KOUf4T, 5)=J
WRITE(6,2)(PCiECK(KOUNTK)K15)

1 IF (PQL(Nlt).GE.O.0)GO To 3
C CAVITATION ON RETRACTING SIDE

KOUZT=KOU JT+l
P0iIECK( KOUAT , I )=NR
PCIECK(KOUNoT, 2)'=4.
PCHKCK( KOUNT , 3 )=PQL( NR)
PCllECK(KOUNT,4)=-I.
PCI[ECK( KOUNT, 5)=,J
WRITK(6,2) (PCECK(KOUNTK)K-j 5)

2 fORMAT(' -,1511 PCIECK ARRAY ,5F12.2)
3 CONTINUE
4 IF (z(oLNT.EQ-0)KrTUI(E

'rEST=O.
Do 5 J-1,KUUNT
IF (PCill'CK(J,3).L;T.TEST)GO TO 5
TE:ST='CifECK( J, 3)
INDEX-?CllKCK(J I)

5 COATINUE

Do) 6 J-JI,20
6 Nt'QL2(JI )-O

NPQ L2(J+1 )=INJ)EX
P,4L( IAOEX)-O.001
IC=1

7 FORgIAT( -,1511 Ni'9L2 ARRAY ,5F12.2)
RETURN
END
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8.9 FLOCIHEK SUBROUTINE

Subroutine FLOCHEK is used to test the type 37 flow regulator and type 38

orifice sizer. The flow regulator is tested to see that the calculated pressure

difference is greater than zero or the minimum input pressure. If the pressure

difference is less, an indicatorIC=l)is passed back to CALC subroutine and

another indicator is passed to BRANCHP subroutine. The BRANCHP indicator is

used by the DVS034 dynamic calculation subroutine to indicate that a different

method of calculation is required whether or not a system rebalance is necessary.

The orifice sizer section of the program calculates an orifice diameter

for the input flow rate in the leg. The pressure drop for the orifice is

calculated under dynamic conditions. If the input flow rate is too high and

gives a negative pressure drop calculation, an error message is printed.
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8.9.1 FLOCHEK Variable Names

Variables Description Dimensions

BLEG General purpose array --

BRANCHP Array containing dynamic element data --

DP Pressure difference from inlet to PSID
outlet of flow regulator

DPI Minimum pressure difference for PSID
rated flow through flow regulator

I Integer counter

IC Indicator to rebalance system --

ILEP Array containing pressure point --

numbers at end of each leg

IPI Inlet pressure point number to flow
regulator

IP2 Outlet pressure point number to flow
regulator

ML Total number of legs in system --

NBP2 Total number of rows in BRANCHP array

NL Total number of rows in BLEG and ILEP --

arrays

NPQ Total number of rows in PQL array --

PQL Array containing pressure point data --
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8.9.2 FLOCHEK Subroutine Listing

SU3ROUTINE FLOCF{EK(IC,BRANCHP,NBP2 ,BLEG,NL,POL)
DIMENSION PQL(l),BLEG(1),BRANCI'l(1)
COMMON /BLK1/TEIP, VISC, DENS, D100, PASUI,ALT,FLUI DF, FLUII)K,VIOO
DO 6 I=1,NiP2
TY-BRANCHP( I)
IF(hBRANCHP(I) .EQ.O.)RETUR4
IF(TY.EQ.-37. .OR.TY.EQ.38.)GO TO 1
GO To 6

1 IPI=BRANCtiP(I+3*NSP2)
IP2=BRANCHP( I+4*NiIP2)
DP=PQL(lP1)-PQL( 1P2)
DPI =BRANCH-P( I+6*NIIP2)
LEG=BANCH-P( I+15*NL)
IF.(DPI .LE.DP)BLEG(LEG+2*NL)-BRANCrIP(I+5*NBP2)
IF(TY.EQ.38.)GO TO 2
IFCDP1.LE.DP)GO TO 6
IF(BRA14CHP(I+8*N13P2).EQ4.1.)GO TO 6
BRANClHP( I+8*N3P2)-l.
IC-i
Go To 6

2 Q-BRANCHP(I+5*NBP2)
IF(DP.LE.O.)CO To 4
PAVG=( PQL( IPI )4PQL( IP2) )/2.
DENP=( 1+( PAVG/ 200000. )) *ID7N
DIA=SQRT(QI(236A.6.*SQRT(DP/DENiP)))
WRITE(6,3)i3RANCHP( I+N1WP2) ,DIA

3 FORMAT(/P ORIFICE DIMi'ETER FOR JCT NO. ',F4.0,' ',F5.3//)
GO To 6

4 WRITE(6,5)Q~jRANCHP(I- NBP2)
5 FORMAT(//' ',***EKROR***CANNOT SIZE ORIFICE FOR THE GIVEN-,/,-FLO
IRATE OF - , .2,- GPM AT JCT 14O. - ,F4.O,//)

6 CONTINUE
RETURN
END
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8.10 MTRCHK SUBROUTINE

Subroutine MTRCHK tests BRANCHP for hydraulic motors after a system

balance is made. If the calculated flow through the motor is negative, this

is an abnormal condition. An indicator is placed in BRANCHP to signal the

dynamic calculation subroutine DMTR8 that a different calculation method is

required. An indicator, IC=I, is passed to CALC subroutine to indicate a

svstem rebalance is required.
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8.10.1 MTRC1tK Variable Names

Variable Description Dimension

BRANCHP Dynamic element data storage array --

I Integer counter

IC Indicator to CALC subroutine to rebalance system --

NBP2 Total number of rows in BRANCHP array --

Q Flow rate GPM

TY Element type
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8.10.2 MTRCHK Subroutine Listing

SUBROUTINE bIT:{CHK( BRANCHP ,NBP2 ,IC)
DIMENSION BRANCIIP( 1)
DO 1 I-1,N14P2
IF(kIRANCIUPCI) .EQ..)RETLJRN
TY=B.AANCiP( I)
IF(TY.NE.8.)GO TO 1
QI3SRANCIP(1+1 3*NBP2)
IFCQ.LT.O.)BI{AN'CHP(I+14*N3P2)=l.
I±'(Q.LT.O. )IC-1

1 CUN'TI.'UE
RETURN
ENUI
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8.11 Subroutine GRAPH2 and SCALED

Subroutine GRAPH2 plots the selected junction and flow, pressure or

actuator position versus time. The user can select the scales or the scales

will be selected from SCALED subroutine.

8.11.1 GRAPH2 Variable Names

Variable Description Dimension

I Integer counter

ICHART (-) X and Y axis write characters --

IPCHAR (1) Plot character

ISP Integer counter for Y axis

ISPACE (-) Temporary variable for writing X and Y axis scales --

JJ = 0 Use subroutine --
ii Indicator for setting scales SCALED

JT = I Use input valves

LINE Integer counter for plot line number R-

NPLTPT Number of points per plot

OMEGA () Pump speed values RPM

XAX Temporary variable for writing X axis scale values --

XDELTA X-axis scale increment value --

XMAX Last (highest) X axis value

XMIN First (lowest) X axis value RPM

Y Temporary variable - Y axis scale value --

YDELTA Y-axis scale incremental value --

YLAST Last Y-axis scale value

YLO Lowest value in YPLT search range --

YMAX Maximum value to be plotted

YMTN Minimum value to be plotted
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Variable Description Dimension

YPLT (-,-) Array of value to be plotted -_

YUP Highest value in YPLT search range --

SCALED Variable Names

Variable Description Dimension

AMAX Maximum value to be plotted

AMIN Minimum value to be plotted

IBOT Variable used to calculate Y axis scale values

IEMAX Variable used to calculate Y axis scale values --

IEXP Variable used to calculate Y axis scale values --

ITOP Variable used to calculate Y axis scale values --

J Integer counter

MANT Variable used to calculate Y axis scale values --

RANGE Range of values to be plotted

RMAX Maximum Y axis scale value

RMIN Minimum Y axis scale value

SCALE (-) Scale factors for Y axis
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8.11 2 GRAPH2 Subroutine Listing

SUBROUTINE GRAPl1 2 (O\EGA,YPLT,NPLTPTIPCIARJJYIINY.IAXXl.INX: X)
C
C

DIMENSION OMEGAC125),YPLT(125),ISPACE(1O1),
Iy(AX(6) ,ICHrART(4),IPCHAR(1)

DATA ICIIART/1I1H-, IH+, li1
C----SCALE X

IF(JJ.EQ.1)GO To 3
XAAX=OlMEGA( 1)
XMI!4-X',IAX
DO 1 I-2,NPLTPT
XMAX=AMkAX1(X)1lAXOUEGA(I))

1 K~tIN=A,',INl(XMIN,O IECA(I))
IFCXN.AX.NE-XM.IN)GO To 2
X'lAX=X*1AX+5O.
XAliN=X~IMN-50.

2 CALL SCALED(XAAX,*lIN)
3 XDELTA=(X 1A-X~lI1N)/I00.

IF(JJ.EQ.1)GO To 6
C-----FIND Y-PARANETERS

4 YMX-YPLT(I)
Y!MI N=Y1MAX
DO 5 I=2,NPLTPT
Yi1AX=AMIAXI(YMAX,YPLT( I))

5 Y;>IN-A:lINI(YMIN,YPLT( I))
CALL SCALED( YMAX ,YMIN)
IF(YMAX.NE.YMINJ)GO To 6
Y:lAX=Y:IAX+25.
Y:'IIN=Y'MIN-25.

6 YDELTA=(YMXYMp)/5O.
C-ADVANCE TO TOP OF NEXT PAGE

i4RITE(6, 7)
7 FOK11AT (lHl)

C----LOOP FOR EACH PLOT LINE
Y-Y5IAX + YDELTA

8 Do 27 LINE-i, 51
YLAST-Y
Y-Y-YDELTA
YUP-Y+YDELTA/2.
YLO-YUP-YDELTA

C-FIRST + LAST CHARACTER ON LINE -*I*
ISPACE(l1)-ICHART( 1)
ISPACE( 1Ul)-ICIIART(1)

C--- FIRST + LAST LINES ALL *-*, EXCEPT *+* IN COL. 11,21,31,. ..81,91
IF(LINE.NE.1.AND.LINE NE.51) GO TO 12

9 DO 11 ISk'-2,100
IF((ISP-1).EQ.(ISP...)/1O*10)GO TO 10
ISPACE( ISP)-ICHART( 2)
GO TO 11

10 ISPACE(ISP)-ICHART(3)
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8.11.2 (Continued)

11 CONTINUE
GO TO 17

C--INITIALIZE COL.2-100 OF LINES 2-50 To * OR *--- IF AX
12 IF(Y.LE.O. .AND.YLAST.GT.O.)CO TO 15
13 DO 14 ISP-2,100
14 ISPACE(ISP)-ICHART(4)

GO TO 17
15 DO 16 ISP-2,100

ISPACEC ISP)-ICHART(2)
16 IF((ISP-1).EQ.(ISP-1)/10*10)ISPACE(ISP)=ICHART(3)

C----SEARCH YPLT F~OR VALUES IN RANGE YLO.LT.YPLT.GE.YUP
17 DO 23 1-1, NPLTPT

IF(YPLT(I).GT.YLO .AND. YPLT(I).LE.YUP)GO TO 18
GO TO 23

C--FIND COLUMN NEAR~EST TO I-TH VALUE OF OMEGA
18 ISP-(OMEGA(I)-XNIN)/XDELTA + 1.5

IF(ISP) 23,19,20
19 ISP-i

GO To 22
20 IF(ISP-102)22,21,23
21 ISP-101
22 ISPACE(ISP)=IPCHAR(l)
23 CONTINUE

C----LINES 1,1..41,51 HAVE Y-VALUES --- THESE, PLUS LINES 6,16,26,3
C -- 46 ALSO tAVE *4-* IN COL 1+101 IF NO PLOT CHARACTER PRESENT

IFCCLIiE1).NE.(LINE-1)/5*5)GO TO 25
IF(ISPACE(1).NE.IPCIIAR(l))ISPACE(l)=ICHlART(3)
IF(ISPACE(IUI).NE.IPCHAR(l))ISPACE(11)-IC~IART(3)
IF((LINE-1).NE.(LINE-1)/1O*10)GO To 25

C--WRITE PLOT LINE
WRITE(6,24)Y, ISPACE

24 FOR IAT(- -,X,17X,F9.2,2X,lO1Al)
GO To 27

25 WRITE(6,26)ISPACE
26 FORAIAT(- - ,lX,28X,101AI)
27 CO,;TINUE

C---CALCULAT- + PRINT X-AXIS VALUES
211 DO 29 1-1, 6
29 XAX(l)-X:IIN +- CI-1)*2O.*XDELTA

WRITE(6,30) XAX
30 FOR:.AT(- - ,1X,22X,5(F9.2, ILX) ,F9.2)

RETURN
END
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8.11.2 (Continued)

SCALED Subroutine Listing

SUBROUTINE SCALEP)(RMAX,RMIN)
DIM4ENSION SCALE(6)
DATA SCALE/.5,1.,2.,5.,1O..20./
RANGE-RMAX-RMI N
A! 1AXR-4AX

IEXP-.ALOGIO( RANGE)
MANT-RANGE/lO.*IX
IF(RANGE .GT .MANT*10.**IEXP)L,1ANT.I4ANT+l
GO TO (2,3,4,4,4,5,5,5,5,l),MANT

1 MANT-1
IEXP=IEXP+1

2 J-2
GO TO 6

3 J-3
GO TO 6

4 J-4
GO TO 6

5 J-5
6 IEMAX"-AI.0G10( R!-AX)

RMAX- INT(AIAX/ 10. * * I DAX)*10 .*EMAX
7 IF(RHA..GE.AIMAX)GO TO 8

W lAX-RlAX+. 05* SCALE (J) *10. **E
GO To 7

8 RJ-IIwRIAX-.SCALE(J)*10.**IEXP
IF(RMIN.LE.AiIIN)GO TO 9
J-J+l
IF(J.LT.5.5)GCo To 8
J- 1
I EXP-I EXP+ 1
GO To 8

9 IF(Rl-IN*AA'IN.GT.O.)G0 TO 10
RMIN-O.
LIAX-SCALE(J)*10.**I9XP
lF(RMAX.LT.SCALE(J-1)*1O.**IEXP).9IAX-SCALECJ-1 )*10.**IEXP

10 IF(RlIIIN.LT.O.)GO TO 11
IF(R ,I;.GT. .l*RIIlAX)GO TO 11
RLIIN-O.
RX.AXSCALE(J)* 10.**IEXj)
IF(RIIA.LT.AiAX)R4AX-SCALE(J+1 )*1O.**IEXP
RETURN

11 ITOP-(RIIAX-AMAX)/( .05*SCALE(J)*1O.**IEXP)

IF(ITOP.EQ. IBOT)RETURN
RJItflRIN+IAS(ITPIBOT)/2)*.05*SCALE(J)*10 .**IEXP
R,'lAX-R-lIN+SCALE(J) *10. **IEXP
RETURN
END
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8.12 QTCALC Subroutine

Subroutine QTCAIC is used when running in the quasi transient mode.

8.12.1 Math Model - Entry to QTCALC is based on whether or not a time interval

was placed in QT15 array. Upon entry, an initial calculation is made to determine the

time step required to produce 101 points for a graph output plot. If no time

step is input, a default value of 100 time steps (101 data points) is used.

If less than 100 steps are called for, the graph plot will be only a partial plot.

If more than 100 steps are required, based on the input time interval and time

step data, only 101 points will be saved and plotted. These points are spaced

throughout the time interval and the storage location for the graph plot is given

as the integer truncation plus 1 as follows:

NTSP = Number of Time Step x 100 + 1
Total Number of Tii Steps

For example if preliminary calculation showed that 280 time steps would be taken

during the quasi-transient calculations and the 13th time step was taken, the

graph storage location would be only the 5th.

13 x 100
NTSP 280 + I = 5280

All calculated time steps are output in tabulated form even though only selected

points may be output in graph form. The data for the quasi-transient run is

initialized before the first calculation is made. A check is made of the quasi-

transient data arrays (QTI6, QTI7 and QTI8) to determine initial component

positions and other parameters. As each time step is taken, the component element

parameters are updated before the new calculation is made. The update of the parameters

are made to the element data contained in BRANCHP array only. Data in arrays

21b



QTl6, QT17 and QT18 are used only to determine which data is to be placed in

BRANCHP array positions.

8.12.2 Computations

The system is initially balanced at time zero (t = 0). Then, time

is increased one time step. Using the initial load conditions and valve

positions, the system volume changes at actuators and accumulators are calculated

to give a pertubation to the system.

Q x At = A Volume 0-1

New positions for actuators and accumulators are calculated. Using the

new positions, average loads and pressures are calculated for the time step.

LOAD AV= LOAD0 + LOAD1 P = P0 + P12 1AVG2

The system is balanced again using the average conditions of load and pressure.

Final volume changes are calculated which give the system volume changes for the

time step. If a valve position signal changes or an actuator piston bottoms

somewhere during the time step, the calculation is used only for that part of

the time step. Values are reinitialized and calculation is made for the remainder

of the time step, This procedure is followed until all time steps have been taken.

At the beginning of each time step flows and pressures are initialized; therefore

a minimum of two calls to CALC subroutine are made. A description of quasi-transient

data output is given in Section VII.
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8.12.3 gTCALC Variable Names

Variable Description' Dimensions

BLEG General purpose array

BRANCHP Dynamic element data storage array --

CALCI Matrix of coefficients

CALC2 NU matrix of constants

ICENT Array containing number of non-zero elements --

in each column of CALCI

ICOL Array containing column location of each
non-zero element of CALCI

IDIAG Array which identifies which columns of
CALCI contain positive conductance values

ILEP Array of leg numbers with up and downstream
pressure points

INEG Array which stores the second appearance
of a negative conductance value

IORDER Array giving pivot selection based on
min-row min-column criteria

IPQL2 Integer counter

IRENT Array containing number of non-zero elements --

in each row of CALCI

JCENT Array identifying the number of non-zero
entries in each column of CALCI

JCOL Array identifying the non-zero filled columns
of CALCI; the rows correspond to the rows of CALCI;
elements in each row correspond to column number
in each row of CALCI

JEM Total number of pressure points in the system

JNEC Array which iaentifies which column in CALCI
contains the first appearance of a negative
conductance value in CALCI array
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8.12.3 (Continued)

Variable Description Dimensions

NBP Total number of elements in BRANCHP array --

NBP2 Total length of BRANCHP array

NL Total length of BLEG & ILEP array

NPQ Total number of rows in PQL array

NPQL2 Array containing row location in BRANCHP --
array of element with fixed pressure

N16 Length of QT16 array

N17 Length of QT17 array

N18 Length of QT18 array

N19 Length of QT19 array

PAMB Atmospheric ambient pressure PSI

PQL Array containing calculated pressures, --
element types and junction numbers

PQL2 Array of constant pressure point junction --

PRINT Array containing output types

QT15 Storage array for quasi-transient temperatures --

QT16 Storage array for additional element --
which used in quasi-transient calculations

(T17 Storage array for quasi-transient valve data --

OT18 Storage array for quasi-transient valve data --

QT19 Storage array to indicate quasi-transient --
output
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8.12.4 QTCALC Subroutine Listing

SUBROUTINE QTCALC(BRAkNCdiP,NBP2,PQL,NPQ,BLEC,iLEP,NL,QT15,QT16,N16,
1QT17 ,Nl7,QT18,N13,QTl9.N19,AL,N,JE;1,CA'LC1,JCOL CALC2,
2JRENT,JCENT,IDIAG,JNEG:IME[G,ItENT,ICENT,IORDER ICOL,PQL2,NPQL2)
D IENS ION Ai{1(7),AR2(7)
L) IMEJSION C;ALCI(1),CALC2(l),JCOL(I).JREN4T(1),JCEN,,T(l),ICOL(1)
DIAENSION IBIAG(l),JNE(1),IN\EG(l),LRA-NCdP(l)
DI'iENSION ICENT( 1) ,IRENT( 1), IORDER( 1)
DI.AENSIDN 6LEG(l),ILEP(l),P0L(l)
DIMENSION PQL2(.) ,NPQL2(1)

TI=(yrls(l)
TF=QT15(2)
DT=QT15(3)

TSD-Q.0=(TF-TI) /llOT

IT S=TS
DO 9 1=1,1000
IF(QT16(I).EQ.O.)GO To 13
IF(QT1.6(I).LQ.4.)Go To I
IF(QT16(I).EQ.7.)GO To 6
GO TO 9

1 AJCT-QT16(1+N16)
DO 2 J=l,N3P2
IF(BRANCIIP(J).EQ.O.)GO TO 9
IF(BRANC;HP(J).EQ.4..N.- LRAl~NC1P(J+13P2).1(Q.AJCT)GO To 3

2 CONTINUE
GO TO 9

3 STRP=3RANCHP(j41l0*NBP2)
NP=QT16(I42*Nlb)
DO 4 K=1,7
APR1(K)-.

4 AR2(K)=0.
DO 5 NAR=I,N1
AR1(NAiR)=QT16( 1+( 2+N4AR)*N16)

5 AR2(N4AR)=QTb(I+(2+A'l+4P)*N415)
CALL INTERP(STRP,AR1,AR-,2,1O,,'W,ALOAo,l)
BRAN(;fLP(J410*NBP2 )-ALOAD
GO TI) 9

6 AJCT-QT16(L+Nl6)
DO 7 J=1,NBP2
IF(iMLtNCHP(J).EQ .O.)GU TrO 9
IFCBRANCHP(J).EQ.7.).AN4O.BRANj'(lW(J+NBP2).LQ.AJCT)GO TO 12

7 ONT INU E
GO TO 9

8 AVOL=QT1b(1+2*NVlb)
APRESS-QT16( I43*Nlb)
AdOV I- PAN CP(J 9 *N b P 2
At4OV2-.8RANCHF( J+8*N13P2)
AMG;VlBRAqCHP(J5*Nie2 '
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8.12.4 (Continued)

CALL TTL(1L ,NL,!;LLU RNO N32, LPPLNQ
C D)O 807 1=1,1l,
c637 IKITL(6,999)(liLEU(I+(J-1)*NL),J=1,15)

IF(Ik.iOR.GT.O)RETURN
DO 20 lQ=I,hiL

G=BLEG( Iq+5*NL)
-AAS(BLEG(IQ+2*';L)

20 ILEG(IQ+5*NL)=Q /G

C BUILD THE ALCU1 ARRAY
DO 21 K-1,;IL
1= ILEP (K)

J1 LEP( K+NL)
L=IDIAG(I)

LM=ILDI,%(J)
CALC1(14+(L-1)*NL)=CALCI( I+(L-1)*NL)+B;LEG(K+5*Nl.)

CALCI(J+(LM1-1)*NL)=CALC(+(LI-1)*NIL)+3LEGCK+5*NL)
L-J!,iC( K)
L'iI INEC (K)
IF (L.NE.O)CALC1(1+(L-1)*NL)=CAILC1(I+(L-1)*RL)-BLEG(K+5*NL)

21 IF
C BUILD CALC2 ARRAY

Ni =N

DO 22 1=1 ,q

CLC1Nq(I)I

22 CALC2(I1)=PQ L(Ul)-PQL(I1+N-PQ)

DO 23 1=1,JF.'.i
23 CALC2(1)=CALC2( I)+PQ L( I+4PQ )

DO 24 I=1,.:IL

CAIC2( ILEP(I) )=CAiLC2(1Ii PC I) )-BLIC( I+4*1,'L)*siLEG( I+5*1JL)

CALC2(IILP(I+t.L))=CALC2(ILEP(I+N4L))+BLEG( I+4*N L)*BLIEG((1+5*NL)
24 CO'T INU E

IF(NPQL2(N+1).EQ.O)Guo To 25
J-NPQL2 ( +L)
CALC2(J)=.0O1

25 CALL SILIULT(JE I, ITER, CALCI, ,CALC2, ,JCOL ,JREf\T,JCENT , I CENT,

DO 26 111,L
PQL( IM) =CALC1 I( IM)

26 CONTINIUE
C CALCULATE NEW FLOW RATES

Do 27 I~,i
IU-ILEP( IT)
IV=ILEl( IT+,IL)
ILG( IT+6*NL)=( P0L(1U)+fLEG( TT+4*,i'L)-PQL( IV) )*3LEG( IT+5*NfL)

27 CONTINUE
C TEST ilEW FLOW RA\TES

DO 31 IJ-1 ,L
Q-BLPEG( [J+2*%L)
(INEW-BLEG( IJ+6*NL)
IF(ABS((,-QdE4 W) .LE .. TL)GO TO 31
If(AaS(Q).GT.1.)Go TO 28

I f A 6S Lh.I 1 )60 T&u 35



8.12.4 (Continued)

28 IF(AxiS(Q).CT.ABS(QZJEi8))GO TO 29
QBIG-QZEW
wO To 30

29 QBIG-Q
30 IFC'ABS((Q-QNiEW)/Qk3IC).GT.TUL)CU To 35
31 CONTINUE

Ik(ITERL.GE.IJCO To 32
I TER 1-ITERI+ I
Go To 35

32 CONTINUE
L00 33 IZIl,AL
q=IALEC( IZ+2*LNL)
IF(Q.E .0. )dLLG(IZ+2*NL)=.UOUO1

33 CONTINUE
IF( ITER.GE .NA~XITER'kiflITE( 6,34)
IF(ITE R.CE.LiAKITER)STOe

34 FORNlAT( l.A, 42HEXCEEI)EI AX NO OF ITErLATIONS-CIIECK SYSTE11)

CALL FLUCIILK(IC,BRAN C.IP,MSBP2,$LEG,NL,PQL)
Ca LL VC~tEK(fL,IC,BRANCRP,N BPZ,isLEG,NL,ILEPl,PQL,NPQ)
CALL ACTCRLK( U ,IC, 4RA:;4CHP , N$P2 ,PQL ,NPIQ)

CALLATC{ARNLPi2I)
IF(IC.NEO)GO TO I
RETURN

C RECALCULATE FLOv. RATES
35 Do 36 I=L,&EL

Q-BLEC( I+2*ML)
QNFAJBLECG( I+6*N1L)
BLEUC I+2*NL)=( Q+Q NEW)/2.

IF(Q.EQ .O. )dLEC,(I+2*rlIL)=.OOO0I
30 CONTINUE

Iv(ITER.EQ.:AXITER)GO To 32
ITIERsITE1
Go TO 15
END
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1.0 INTRODUCTION

The creation of a mathematical model to define a physical system requires
the establishment of a set of relationships among the individual elements of
the system. Operating conditions or parameters are inserted into the system
model which responds with solutions for these input values. The actual system
often may not be described by textbook relationships, for very few systems
actually model the book. A real-world solution must be found that involves
solving variables sometimes in terms of these same variables. This type
of solution procedure is ideally suited for the iterative processes of the
computer.

The mathematical system model developed for SSFAN solves for pressures
and flows in a multiple-loop aircraft hydraulic system. Figure A-i is a
schematic of an aircraft landing gear subsystem that is typically solved by
the math model. Figure A-2 is a line schematic of Figure A-i and illustrates
the multiple-loop complexity (note cross branching) that is relatively common
in aircraft hydraulic systems. Other areas of concern in the development of
a good system mathematical model are developing good element models for the
pumps, actuators, accumulators, reservoirs, and other elements that have
variable flow vs pressure drop characteristics. In a simple unbalanced
actuator, the flow and pressure gradients are calculated through area ratios
and external force considerations. A math model may handle the flow dis-
continuity well, but not the pressure one. A variable delivery pump presents
many parameters to consider, along with flow in and out of the ports. These
parameters include the internal leakage of the pump and the variation of
output flow with pump case and inlet pressure including the decrease of
outlet flow when the pump inlet is cavitating.
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2.0 SOLUTION METHODS

Two analytical techniques were evaluted for solution of the multiple-loop
flow problem. One is a convergence method which balances pressure drops in
simple loops. The other is an iterative matrix method which balances flows
at branch points.

2.1 Convergence Method

The convergence method compares two legs at a time and relies on prior
calculation of values to arrive at new values. A flow division is assumed at
branches. Individual element pressure drops along one leg are summed and
compared with the pressure drops of the other leg. The flows are changed
and new comparisons of pressure drops are made. The iteration continues
until the pressures balance. The convergence routine starts at the pump
and assumes an exact flow split (Qo = Ql + Q2) of flow combining at each
branch point in the system. The initial pump flow is estimated. The con-
vergence is begun at the innermost loop in the system and iterated outwardly.
Convergence is accomplished (see Figure A-3) using the initial flow estimate
split at Pl and changing the flows in legs (1) and (2) until the pressure
drops in legs (1) and (2) balance at P2. The next loop to balance is

(Pl to P4)- Using the initial flow split of legs (3) and (5), the pressure
drops are compared from (P3 to P4). If these do not balance, a new flow
split is assumed. When this occurs, the (P1 to P3) loop has to be rebalanced.
Each outer loop change in flow requires a rebalance of all inner loops.
Figure A-4 represents an example of the difficulty involved in applying this
method to a simple system. Two legs cannot be paired before one branches in
with another leg. Since each loop is balanced separately, redundant com-
putations are required; therefore, this procedure becomes time consuming.
(Normally with this technique, one loop will converge in about 7 iterations.
For a complex system that contains 20 loops, 720 or approximately 8 x 1016

iterations are required.) This method uses a Newton-Raphson with an Atkins
delta squared technique for convergence.

2.2 Matrix Method

The matrix method balances flows for all the loops at one time through
the temporary assumption of linear resistance for each leg of the system.
The flow rate in each leg is changed through comparison of the calculated
flow using the linear resistance and matrix solution pressures at each end
with the actual resistance using this calculated flow. Iteration continues
until the flows balance at all branch points.

Balancing system flows offers much more flexibility than the convergence
method. Each leg in the system is treated independently, allowing one to set
up a system of equations to solve for all the leg flows at once. The problem
of pressure discontinuities may be handled readily by insertion of the
additional pressure rise or drop to the specific legs where these step
changes in pressure apply.

D. G. Michaels used this technique in solution of multiple-loop flow
problems of low pressure systems. (Reference(A-)). The transition of this
technique to an aircraft high-pressure closed-loop hydraulic system presents
many problems. The simple unbalanced area actuator represents a flow and
pressure discontinuity. In this case, the pressure-in is converted to a force
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to move the load. The flow-out is proportional to the flow-in, but does not
equal it. The pressure-out is a function of the pressure-in, the internal
friction, and the actuator external load. When the actuator stalls or in
some conditions reverses itself as a result of flight loads, the flow condi-
tions change. These problems were overcome by considering the actuator to
be a 2 branch point model. A flow gain or loss term is added, based on the
direction of motion of the piston and the ratio of the extend and retract
areas of the piston. The associated pressure gradient is applied to the
internal leg of the actuator. Figure A-5 compares an actuator to its SSFAN
subroutine model equivalent.

QIN' PIN /--QOUT' POUT

Rod Seal

I M&MMS+ -
External
Load

Al Net Area to A2 Net Area to
Extend Actuator Retract Actuator

Piston Seal

ACTUATOR EXTENDING

QLOSS

INTERAL LEG 
QGI

Upstream IDownstream
Leg 1 Leg 2

BRANCH POINT REPRESENTATION

FIGURE A-5

The pressures at the branch points represent the pressures on each
side of the actuator piston. The QLoss term is the difference between

Qin and Qout. The pressure rise or loss across the actuator is inserted
in the internal leg of the actuator. Other prrc'lem areas in the flow
balance method included variable delivery pi- ps, an altitude-pressure
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dependent reservoir, multiple accumulators, check valves, servo-actuators, relief
valves, and one-way restrictors.

The steady-state flow problem of multiple-loop hydraulic systems by
definition requires the variables at any instant of time to be directly solvable.
Solutions to these variables are time independent, but may reflect any degree
of mathematical complexity.

The solution of flows in a hydraulic system requires a knowledge of the
pressure drop characteristics of the components in the system. The key to the
solution of the flow problem using the matrix technique lies in instantaneously
linearizing these characteristics and the solving for a leg resistance factor.
Once these factors are known, linear equations for flow may be written at the
points where two or more flows meet. A system of n equations and n unknowns
is the result. Each term contains only one unknown to the first power. For
more than three unknowns, this defines a hyperplane on which the solutions
to the system lie. These n values, when substituted back into the n equations,
satisfy all of them simultaneously.

2.2.1 Solution Technique

The actual solution development requires the application of Bernouli's
equation and the equation of fluid flow continuity to arrive at a resistance
factor (see Ref. (Al) and Section 3-2). Conductance is defined as the
inverse of resistance, and the conductance of a leg times the pressure
difference between the two leg ends yields a flow. With these basic facts,
an application of the flow continuity equation to any multiple loop system
will yield a system of simultaneous linear equations. For illustration,
the simple system in Figure A-6 is developed.

(2)

1 2  P3  .4 * P4

Flow

(3)

FIGURE A-6
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One can write an equation for each leg in the system based on conductance,
pressure drop, and flow. For Figure A-6, these are:

Leg 1 Q1 = G I(P -P 2)

Leg 2 Q2 = G2 (P2 -P 3 )

Leg 3 Q3 = G3 (P2-P3 ) (1)

Leg 4 Q4 = G4 (P 3 -P 4 )

Where Q = leg flow
C = leg conductance

P = pressure at the corresponding points

Applying the continuity equation in terms of flow to each pressure point in
the system, one may write the following equations:

C1 (PI-P 2 ) = 0

GI(P 2 -P I ) + G2 (P2-P3) + G3 (P2-P3) = 0
(2)

G2(P 3 -P 2) + G3 (P 3 -P 2) + G4 (P 3 -P 4 ) = 0

G4 (P 4 -P 3 ) = 0

Rewriting in terms of pressure:

PI (+Gh)+ P 2 (-G 1 ) = 0

PI(-GI) + P 2 (G I G2 +G3 ) + P 3 (-G 2 -G 3 ) = 0

P2(-G2-G3) + P 3 (G 2 +G3 +G4 ) + P 4 (-C 4 ) = 0

P3 (-G4 ) + P 4 (G4 ) = 0

Writing the set of equations (3) in matrix form:

G -G 0 0 P1  0

-GI  GI+G2+G3 -G-C 3  0 P2 0

0 G 2-G 3 G2+(C 3+G4 -(;4 P3 - 0

0 0 -G4 G4 P4 0

Examining the above C matrix, one notes that the sum of the elements in any
column equals zero. This reflects the conditions of continuity imposed on each
pressure point. One also may observe the symmetry of the G matrix. Evaluating
the determinant of G yields a value of zero. The G matrix is singular. Singu-
lar systems have their application in eigenvalue problems and consequently no
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4 U

unique solution exists for this set of equations. When adequate boundary con-
ditions to the system are specified, the singularity of the G matrix will be
removed and the system may be solved. Before boundary conditions are imposed,
note that the diagonal elements are all positive. This follows the convention
that resistive forces act in a positive way to oppose flow.

One must select reasonable physical constraints for an operating aircraft
hydraulic system. Assume point 1 in Figure A-6 to be the pressure port of a
variable delivery pump and point 4 the pressure in a bootstrap reservoir
referenced to pump out pressure. For simplicity a constant pressure of 3000

psi at point 1 and 50 psi at point 4 are chosen. Since P1 and P4 are now
known, a new set of equations describing the system may be written.

Branch point equations for any system may now be written

where

YGL [PI-PJ±P] E + QL 0 (5)

L

PI = Pressure at branch point I

Pj = Pressure at branch point J

Q L = Fixed flow rate in leg L

G L = Fluid conductance in leg L

&PL = Fixed pressure change in leg L

For the sample system of Figure A-6, these equations are:

[G I  GI+G2+G G3 P2 _0Q24-&P 2 G2+AP3G 3  (6)
0 -G 2-G 3 G2+G 3+G 4 -G 4 P 3 -- Q3 -P 2 G2+AP 3G 3

00 -G14  G 4 P 4 Q4 -AP3G3+P 4 G4j

Since P1 and P 4 are known, the equations for branch points 1 and 4 are

replaced with the constant pressure equations:

PI = 3000 (7)

P4 = 50
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With these equations replaced, the final array appears in the form:

[1 00 3000 1-G] I I+ G 2+ G 3  -G 2-G 3  0 P 2 = _2 , A 8

12 3 2 34 3 3 2 23 3

0 0 P 3 -AP 2 G2 +AP 3 G30o2 23 4 L A0

Examining equation (9), one may note how fixed pressure rises or drops, oi
constant flows are accounted for in this method. For a fixed pressure rise
in Leg L , APL is included in the summing of conductances around a branch

point. Constant flows, QL are also summed around the specified branch
point I.

The sign used for QL depends on the flow direction only. The sign
for APL depends on the flow direction which in turn defines whether the term

is a pressure rise or drop. If flow is being added to a system at branch point I,
then the direction of QL is positive. For a pressure drop in a leg, the sign
of APT is negative for an upstream branch point and positive for the

downstream branch point. Applying equation (5) to every branch point, one may
write the total G matrix equation for a system of branch points in this form:

Uhere: GP = K (9)

G = matrix of conductance coefficients

P = unknown branch point pressures

K = system constants

For a given coefficient matrix and constant matrix, the problem narrows down

to finding a good matrix solution technique.

Many methods are available to solve systems of simultaneous linear equations.
Cramer's rule involving determinants is one of them. Briefly, Cramer's rule

gives solutions for the variables by evaluating determinants resulting from the
constant terms of the system, and constants from the variable terms. For large
numbers of equations, the nth determinant is evaluted by developing a row or
column and then developing each cofactor in turn. This procedure results in
n! multiplications. A system of 15 equations would require 15! or approxi-
mately 1012 multiplications. Since a computer can do about 10,000
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multiplications per second, it would take a little less than 4 years to

solve a system of 15 equations. Fortunately other solution methods exist

that are simpler and less time consuming. One of these methods is Gauss-Jordan

elimination using a compressed matrix format. This method is used in the

Calc matrix solution. The Gauss-Jordan solution process (References A2, A3,

and A8) is eased on the three elementary row operations:

1. Interchange any two rows
2. Multiplication of a row by a scalar

3. Addition of a multiple of one row to another row.

For a svstem of linear equations

a11 x1 + a1 2 x2 + + a nx = b 1

a2 1 x1 + a2 2x 2 + + a2 nxn =b 2
a21x2

a mX + a m2x2 + a + a x = bml 2 min n

or, as expressed in matrix form

al a1 aln I b1a11 a12 * a inX 1  b1

a21 a12 a2 m x2  b2

a a a amn x n  b n
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The matrix is then searched to find the row with the minimum number of

non-zero elements. If two or more rows satisfy this criteria, the row
with the smallest index is selected. After the pivotal row has been selected,
the columns with non-zero entries are searched and the column with the
minimum number of non-zero entries is selected. If two or more columns
contain the same number of elements, the column with the smallest number

of entries is selected.

The intersection of the pivotal row and column define one element
in the array, the pivotal element. The pivotal row is then normalized

by dividing it by the pivotal element. The rows with elements in the pivotal

column are then selected. The pivotal row is multiplied by the negative
of the element in the pivotal column of the row being operated on and the

two rows are added.

After all the elements in the pivotal column other than the pivotal
element are eliminated, a new pivotal element is selected.

After a pivotal element has been selected from each row, a triangular
matrix is obtained. (A triangular matrix is a square matrix that has
all elements either above or below the main diagonal). The triangularized
system appears in matrix form below:

1 a 12 aIn b I

0 1 a 2 2  b' 2

Xn b'n

0 0 1 1 LXJ L'

or writing out the equations:

x I + a x2  + ........ an x = b'1 2 n n 1

x 2 . ...... a2 n x b' 2

x bf
n n
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Using the last equation wl.ich d,.tfrmnike- X , substituo it if " ne×i I
the last equation to determine X,_1 and so on for the remainott- If tiw
equat ions.

in writing the SSFAN progrinm, the objecLive w:,. sol
sparse, system and to minimize the computer storage ai-w' timi, reoire.
This was accomplished by using a compressed array tectiniqu- wlLih stores
a minimum number of zero entrics. To minimize stoa e, a pi Wet selectiol.
method that produces the minimum number of non-zer entries during the solutio!:
process must be employed. The minimum row-minimnM. hc.l , pivot selector
has been shown (reference A8) to be consistently faster and redui'e fewer

terms than other pivot selectors.

The compressed matrix technique used (rcfcrezce A' requires the
storing of a minimum, of zero valued entries in addition to the non-zero terms.
Since any pressure point in the SSFAN program has at most four connections,
any equation will have at most five non-zero entries (one for the pressure
point and one for each of the four connected pressuro points.). As rows
in the matrix are added in the solution process, new terms can be generated
to provide more than five entries in any one row. Experimenting with large,
complex, systems ranging up to 58 pressure points has shown the generation
of no row with more than eight non-zero entries. By storing only 8 entries
in each row, as opposed tc 58, the storing of 50 zc.rc entries per row
rC 2900 total entries can be eliminated.

The compressed matrix technique generates and uses six system pressure
point identification arrays. Specifically, these Urays ,re:

JCOL:

1) Dimension (M,5)

2) The final JCOL array (in compressed form) identifies the column-

in a square CALCI array which are filled with nou-zero ttrms.
The rows of JCOL correspond to tlie rows of CALCI, and the
elements in each row of JCOL correspond to the column number

in each row of CALCI.

3) Note: JCOL describes a square CALCI array in order :o be compat hlc:
with the solution technique in SIMULT.

IDIAG:

1) Dimension (M)

2) The IDIAG array identifies whi' h columns of CALCI contain the

positive conductance values. IDIAG(l) corresponds to the colum,
in which the positive conductance is located in the first row t, tt:,

CALCI array. IDIAG(2) corresponds to the column in which the
positive conductance is located in the second row of the CAL(CI

array.
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JNEG:

1) Dimen. ; , (ML)

2) The JNEG array identifies which column in CALCI contains the first
appearance of a negative conductance value in the CALCI array.
For example, JNEG(4) records the first negative conductance
value of Leg 4. If JNEG(4) = 3, then the first time a negative
leg 4 conductance appears is in row 4, column 3 of the CALCI array.

INEG:

1) Dimension (ML)

2) The INEG array differs from the JNEG array only in one respect,
that being the INEG array stores the second appearance of a negative
conductance value.

JRENT:

1) Dimension (M)

2) The JRENT array identifies the number of non-zero entries in each
row of CALCI.

JCENT:

1) Dimension (M)

2) The JCENT array identifies the number of non-zero entries in
each column of CALCI.

3) Note: JCENT describes a square CALCl.

To understand how the system pressure point identification arrays are
built, the example system of Figure A-7 is developed below.
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(12)

(2) (4) (5) (8)

(i) (3) (6) (7) (9) (i )(13) (14)

2 4 5 6 7 8 9 10

(10)

1 1 2
2 2 3
3 2 4
4 3 4

5 3 5
6 4 5
7 5 6 NUMBER OF PRESSURE POINTS M = 10
8 6 7
9 6 7 NUMBER OF LEGS 4L =14

10 6 7
11 7 8 PRESSURE POINT 2 IS A CONSTANT PRESSURE POTNT
12 3 8
13 8 9
14 9 10

ILEP ARRAY

FICURE A-7

CALC EXAMPLE SYSTEM
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I. JCOI. is filled with column numbers that contain non-zero entries in a square-
CALCI.

C STORE NON-ZERO COLUMN NUMBERS IN JCOL
DO 1001 K"1,ML
I-ILEP(K, 2)
JoILEP(K, 3) 1 2 3 4 5
DO 1001 KI-1,2 1 1 2 0 0 0
Jl-I 2 1 2 3 4 0
IF (K1.EQ.2)JlJ 3 2 3 4 5 8
DO 1001 K2-1,2 4 2 4 3 5 0
J2-1 - 5 3 5 4 6 0
IF (K2.EQ.2)J2.J 6 5 6 7 0 0

DO 1001 K-3-1,5 7 6 7 8 0 0

J3-JCOL(JI, K3) 8 7 8 3 9 0

IF (J3.NE.O)GO TO 1001 9 8 9 10 0 0

JCOL(J1,K3)-J2 10 9 10 0 0 0

J2-0
1001 IF (J3.EQ.J2)J2-0

II. Rows with constant pressure points are zeroed and the diagonal element
saved.

C LOAD CONSTANT PlESSURE NODES INTO JCOL
DO 1009 K-1,N
I1-NPQL2(K)
DO 1010 J1-1,5 1 2 3 4 5

1010 JCOL(I1,Jl)-O 1 1 2 0 0 0
1009 JCOL(I1,1)-I1 2 2 0 0 0 0

3 2 3 4 5 8
4 2 4 3 5 0
5 3 5 4 6 0

JCOL- 6 5 6 7 0 0
7 6 7 8 0 0
8 7 8 3 9 0
9 8 9 10 0 0
10 9 10 0 0 0
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111. JRENT and JKENT are built. ICOL is rearranged so its entries are
in increasing order, and IDIAG is then built.

C BUILD JRENT,JCENT; REORDER JCOL; BUILD IDIAC
DO 1002 Km1,t4
KOUNT-O KCENT - 11 4 4 3 4 3 3 4 3 21
DO 1011 KS81,5
DO 1011 X9-1,M

1011 IF (JCOL(K9,K8).EQ.K)KOUNT-KOUNT+l 1RNT- 2 1 5 4 4 3 3 4 321
JCENT(K)-KOUNT J-N

KOUNT-0
DO 1003 K1m1.v,5

1003 IF (JCOL(K,KI) .NE.0)KOUNT-KOUNT+l 1 2 3 4 5
JRENT( K)-KOUNT
DO 1004 K2-1,KOUNT 1 1 2 0 0 0

1004 D(K2)-JCOL(K.K2) 2 2 0 0 0 0
DO 1005 K4-1,KOUNT 3 2 3 4 5 8
TEST-0 4 2 3 4 5 0
DO 1006 K5-1,KOUNT JCOL - 3 4 5 6 0
IF (D(K5).LT.TEST)GO TO 1006 6 5 6 7 0 0
TEST-D(K5) 7 6 7 8 0 0
TEST2-K5 8 3 7 8 9 0

1006 CONTINUE 9 8 9 10 0 0
K6-KOUNT+1-K4 10 9 10 0 U 0
JCOL(K, K6)-TEST

1005 D(TEST2)-0 IDIAG- 1 2 3 3 2 2 322
K7-JRENT( K)
DO 1002 KOUNT-1,K7

1002 IF (JCOL(K.KOUNT).EQ.K)IDIAG(K)-KOUNT

IV. JNEG and INEG are built to record locations of off diagonal elements.

C BUILD INEG,JNEG
DO 1007 K1,ML JNEG - [2 0 0 3 4 4 4 3 3 3 3 -5 4- 31
I-ILEP(K, 2)
J-ILEP(K, 3)
11-JRENT(I)
JL-JRENT(J) INEG - 0 1 1 2 1 2 1 1 1 1 2 1 11
INEG(K)-0
JNEG(K)nO
DO 1008 KOUNT-1,I1

1008 IF (JCOL(I,KOUNT).EQ.J)JNEG(K)-KOU4T
DO 1007 KOUNT-1,JI

1007 IF (JCOL(J,KOUNT).EQ.I)INEG(K)-KOUNT
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The JNEG, INEG, and IDIAG arrays are used in CALC to build the compressed
CALCI array. The compressed CALCI array is a square CALC array with the non-
zero terms compressed together and the zero entries removed. The JCOL array
is passed to SIMULT to be used in the solution of the system. The JCOL array
is copied into ICOL in the SIMULT routine with ICOL being updated each time a
row operation is performed. JRENT and JCENT are also transferred to SIMULT
to be used in the selection of pivotal elements.

For large systems of equations, considerable roundoff errors may occur
in the solution matrix using a digital computer. In SIMULT, operations
known to result in a zero or one are bypassed and the element set to the correct
value. Also by using minimum row-minimum column pivoting, significantly
fewer eliminations are performed. Roundoff error is roughly dependent on
the square root of the number of operations involved in the elimination.

Another area of concern in the solution of simultaneous linear equations
is truncation errors. By the use of double precision, more accuracy may be
obtained, but computation time and computer cost become greater factors. In
SSFAN the pressure drops are computed based on a flow and the resistance in
each leg. CALC computes the conductance from the SSFAN calculated pressure
drops. The accuracy of conductance is therefore dependent on how well one
modeled the element flow vs pressure drop characteristics. These characteristics
are assembled linearly for each element in a leg: then, given a flow, a con-
ductance term results. Refer to Section 6 for a further discussion of this
concept.

2.2.2 Solution Summary and Convergence Criteria

Applying Gauss-Jordan elimination with minimum row-minimum column pivoting to the
SSFAIN hydraulic system math model requires an iteration technique. The physical problem
to be -olved involves non-linear values of system resistances. A uniqupe soluti,
exists for any hydraulic system. To find this solution one first initializes
the flows in the system. The flow estimates are substituted into the equations
that represent the steady-state pressure drops in the legs. The conductance
value is then computed as G = Q/DP. This procedure is followed for every leg.
The values or leg conductances are now substituted into the G matrix, which,
combined with the system constants, are solved through Gauss-Jordan elimination
for pressures at each point in the system. A new pressure drop for each leg is
now computed using the new calculated values of pressure, and with previous
values of leg conductance, a new flow estimate is made. The procedure is
repeated until the old flow estimate and the new flow estimate are within a
specified tolerance for all legs in the system. The new flow estimate used to
update the iteration makes this method converge within a reasonable number of
iterations.

The new calculated flow from the matrix solution is averaged with the old
flow guess to yield another flow guess (Q') or

Q' = Qw + Qold ,)

2
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From a computation viewpoint, one may readily agree to the simplicity of
this procedure. No prior values of flow are required; only the corrected value.
There are faster root finding convergence methods such as Newton's or Atkin's,
but these may also diverge under certain conditions. Reference A6 states that
the method of bisection or interval halving technique is "guaranteed to locate
a root of the equation". Reference A7 states that "The greatest virtue of the
bisection method is that it is virtually assured to converge a root". A few
graphic examples will serve to illustrate the validity of this procedure.

Consider the solution of the flows and pressures of the system in
Figure A-6. A pressure drop relation for each leg in the system may be wr~tte
as:

DP(I) = K + K2 Q(I) + K3 Q() 1.75 + K4Q (1) 2  (i6)

whdre: DP(I) = Pressure drop in Leg I

Q(I) = Flow in Leg I

Ki, K 2, K3, K 4 = Leg resistance coefficients for laminar,
transition or turbulent flow

Applying Equation (16) to Leg (2) of Figure A-6, a graph of pressure drop
vs flow may be plotted (Figure A-8). The unique solution pressure drop in
Leg (2) is constant, hence the straight line AP is drawn. Based on the old
flow estimate (Q ), a new flow estimate (Q ) is chosen to correspond to AP 2
This is shown graphically by drawing a resistance line R through the orign
and finding the point where R crosses the AP1 2 line. This process is repeated
to yield a Q2 and so on.

One notes that after a few iterations, the flows start diverging. Using
the correction Equation (15), a better flow guess and step size can be made.

In Figure A-9,Ql is calculated in the same manner as in Figure A-8, the

difference now being that instead of using Qi for generating a resistance
slope, an average of Qo and Ql (Qol) is used. One can see from Figure A-8
that this procedure converges rapidly to a solution, not only for Leg (2),
but every leg in the system.

Briefly, the solution method for an entire system will follow the
procedure below.

(1) An initial estimate is made for all the flows in the system,
as was done for leg (2) in Figure A-9. This yields a specific
calculated AP for each leg.

(2) Knowing this AP and the estimated flow,calculate a conductance
factor for each leg.

(3) Insert these factors and system constants (as AP1 2 in Figure A-8)
in equation (10).
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FIGURE A-8
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Flow

FIGURE A-11
PRESSURE DROP vs FLOW

Leg (2)
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(4) Solve for point pressures and using the previous calculated
conductance factors, claculate a new flow (QI in Figure A-8).

(5) Test the new flow for convergence, using different convergence
criteria for flows greater than one GPM than for flows less than
one GPM.

(6) If these convergence criteria are not met, compute a corrected
flow (as Q01 in Figure A--9) for each leg and go to Step (1) and
repeat, using the flow from Step (6). The flows will converge
to satisfy each leg's characteristic flow pressure drop curve
and constant characteristics.

Different methods have been tried to weight and the corrected solution
in the direction of the new flow estimate, but none works as well as this
interval halving technique. An interval is found that contains the final
solution pressure drop value, and repeatedly halved until the solution is found.

The rate of convergence of the interval-halving method is dependent on
the way each new approximation is made. The interval within which the flow
will be located after i iterations is (1/2 )i times the original interval,
Reference A5. Thus, the error in the ith approximation may be not more than
(1/2)i times the initial interval on Q. For this method to converge, the
pressure drop equation (16) must be single valued for one iteration and only
one value of flow should exist in the initial interval (Reference 4). The
solution is slightly starting value dependent but for the range of flows for
aircraft hydraulic systems an initialization of 10 gpm has been included in
SSFAN. Flow initializations of less than one and greater than 100 gpm hive
been tried, resulting in 3 to 5 more iterations before convergence.

One may look at the entire mathematical model of the steady state flow
system as being divided into two major parts. First a calculation of the
pressure drops in the system based on computer estimated flows is made, then
pressure points in the system are calculated based on the previous pressure
drops which give the conductance values. The more accurate the pressure point

values from the Gauss-Jordan elimination method with pivoting The more accurate
the flow guesses will be, and the better the solutions. Thus propagation
error does play an important role in this procedure. A mistake in one selec-
tion of a new flow may have its effect on the final calculated flows in the
system as well as system pressures. A ±.I allowable error tolerance in flow
can mean a ±10 psi difference in pressures. That is why an error tolerance
of +.001 gpm is used when comparing old and new flows for final convergence.
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The SSFAN model was developed to solve any multiple-loop aircraft hydraulic
system. This study has briefly surveyed the methods available for this solution
and the thought behind the selecting of certain procedures over others. Also,
the methods chosen were given a short summary to present their main attributes
and how SSFAN overcame some of their weaknesses. The solution procedure for
writing equations was presented and the method used in solving this system of
equations was illustrated. Convergence techniques were discussed along with
the part computational errors played in this iteration process.

The development of any mathematical model for a sophisticated system as
an aircraft hydraulic system, requires much time and effort to arrive at a
realistic portrayal of the actual system. The model once verified through
actual performance test data must be flexible enough to meet the requirements
for any new system the engineer may study.
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APPENDTX i

Fluid Properties

Vlscosity is one of the most important properties of the fluir; from the

standpoint of the steady state analysis. Viscosity is the internal resistance

to movement of one portion of a liquid in relation to another. Both temperature

and pressure affect viscosity and are taken into account in the 6SFAN program.

Viscosity is definer by Newton's Law which states that at a given point

in a fluid, the shearing stress is proportional to the rate of shear.

S - n S - shearing stress

R - rate of shear

n - coefficient of viscosity

Fluids which flow in accordance with Newton's Law are called "Newtonian Fluids"

where the coefficient of viscosity remains constant as the flow rate or rate of

shear is varied. This applies to lamirar flow only.

As the flow rate is increased, the ratio -f the shearing stress to rate

of shear decreases greatly at a critical point where the fluid flow is turbu-

lent. The fluid no longer behaves in Newtoniar fashion, therefore other

relationships for the coefficient of viscosity have to be utilized.

A tynical Non-Newtoniar fluid is MIL-H-5606 fluid ccmronlY used in Militarv

Aircraft. This is a hydrocarbon fluid derived from pptroleum which with Rddit ves

exhibits, (1) high viscosity index to give oerabilitv over a wide tem' perature

range, (2) resistance to oxidation, (3) good wear resisting properties, (4) resis-

tance to rust and to foaming, and (5) a long operatir-nal lift.

A typical t ewtonian fluid is MI'-H-P3282 fltid which has recently had limited

usage in Military Aircr-ift. This fluid is a synthetic hydrocarbon and with

additives, exhibits characteristics much the same as MK!LH-5606 except that the

viscosity at low temperatures (-40C and below) inc' eases to about five times

that of' MIL-H-5606.
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The Skydrol 500 fluids are another example of a Newtonian fluid. These

are baseH on phosphate esters containing small amounts of additives to give

properties required by commercial or transport aircraft. These fluids exhibit

fire resistance and were designec to overcome the hazards of flammable hydrau-

lic fluid coming in contact with hot brakes, exhaust manifolds or other ignition

sources if a line broke or a leak occurred.

Viscosity-Temperature

The ASTM chart is frequently quoted as being on the Walther log log

formula. This statement is incorrect, see Reference (BI), although they are

similar in form. MacCoull published a chart in 1921 using the log log relation-

ship plus a constant. This was the form

log log (cSt + constant) = A - B log T (1)

His study resulted in selecting 0.7 as the constant for publication in

the 1927 International Critical Tables. An ASTM committee undertook a study

of the chart and selected .8 as the constant for its first chart publication

in 1932. Their report credits the relationship to MacCoull. The ASTM committee

published an improved chart in 1937, later revised in 1943, in which a constant

of .6 was used down to viscosities of 1.5 centistokes. This chart ASTM

Designation D341 was used until 1974. In 1974 the standard was revised to

ASTM Designation D341-74 to "provide a significant improvement in linearity

over charts previously available under method D341-43," see Reference (B3).

It is noteworthy that the constant has been revised back to .7 which was

MacCoull's original constant in 1927 and his equation may be written

log log (cSt + .7) = A - B log T (2)

The Walther equation was first published in 1928 without the constant.

In 1931 a constant of .8 was added. The Walther equation has continued to get

extensive use, particularly in Europe. The new ASTM charts of 1974 were
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derived with computer assistance to provide lineacity over i ,reater range

on the basis of the most reliable of modern data. They are ;,., up for

temperature in degrees Celsius, with provisions for degrees Rankine

during the interim period of changing to the metric syst-:r.

The complete design equation for the chart is nor 'iseful for inter-

calculations of kinematic viscosity and temperature ov,-r the full chart kinematic

viscosity range. More convenient equations which Agree closely with the

chart scale are given below, Reference (B2). These are necessary when

calculating kinematic viscosities smaller than 2.0 centistokes. It has been

demonstrated, that the improved chart permits reliable linear extrapolation

into low-viscosity, high temperature regions which were not possible

previously. These equations are used for calculating viscosities in SSFAN.

log log Z = A - B log T (3)

Z = v + .7 + exp (-1.47-1.84v-.51v2) (4)

v = [Z -.7] -exp(-.7487-3.295[Z-.7] (5)

2_ 3
+ .6119[Z-.71 -.3193[Z-.7])

A and B = constants

v = kinematic Viscosity

T = Temperature OR

Viscosity-Pressure

The viscosity of all fluids changes with pressure. These effects are

sometimes neglected in low pressure systems where moderate changes in

pressure are involved. However, for better analytical accuracy, these

effects should be included in the analyses. Petroleum base fluids show

an appreciable increase in viscosity with pressure.

SSFAN uses the following equation to adjust Lhe viscosity at higher

pressures:
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2.3a aPxlO-4Vp = o (6)
0

- kinematic viscosity (centistokes) at pressure P

U0 - kinematic viscosity (centistokes) at atmospheric pressure

P - pressure in Psig

e base of Napierian logarithms m 2.718

t - pressure coefficient of viscosity osig
- I

a 560 an emperically 4erived temperature-dependent exponentOlR

Based on the work of Professor E. Klause at Pennsylvania State University,

the pressure coefficient of viscosity for a number of fluids were

determined. A cross reference is given by Professor Klause between the

ASTM slope, see Figure B-i and the a coefficient.

The slope of the viscosity curve is taken from F'ipue R-2. If the

viscosity of the fluie at two temperatures of a fluid i1 known, the slope

can be established. The viscosity temperature line forms an anA1e "A" with

The lines of constant viscosity. The tangent of "A" is the slope of the centi-

3toke viscosity-temperature line. Tt is also th," vrtlcal istance "Y" alonR

a line of constant te.'oerature in inches divide - the horizontal 4istance

"X" in irhes measured a1onr a line of constant viscosity.

where: AS'P,' Slope -- tangent A Y (in)
X (in

lope values would obviously be nrative, but are ienored by convention. See

-i' ure b-2 for an example of A67 slope. The FiFure B-1 pressure coefficient

is then HetemineH using an atmospheric viscos - ty at a temperature of 1000 F

'or the slope letprmine!. from Pipure B-2.
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Professor Klause developed coefficients for various ASTK slope-

values to be used in his pressure coefficient equation.

= A + B log V° + C (log V0)  (7)

where A, B and C are constants at the various slopes as shown below.

ASTM
Slope A B C

0.600 0.0878 0.2187 -0.0009

0.650 0.0578 0.2953 -0.0176

0.700 0.0425 0.3760 -0.0395

0.750 0.0379 0.4519 -0.0626

0.800 0.0546 0.5045 -0.0809

0.850 0.0720 0.5630 -0.1046

0.900 0.0947 0.6319 -0.1368

0.950 0.1064 0.7290 -0.1863

1.000 0.1384 0.8042 -0.2364

1.070 0.1423 1.0490 -0.4186

The writer then undertook the task to develop computer equations which

calculate first the ASTM slope between two adjacent input data points,

then the pressure correction coefficient. It may be recognized that

when the user inputs actual fluid viscosity-temperature data points, these

may not all lie on the theoretical straight line of the ASTM chart. Therefore

the approach for finding the ASTM slope for the fluid at any given temperature

is to take the input viscosity-temperature point on either side of the given

temperature and in this region use the slope between the two input data

points. If extrapolation is required for a given temperature, the 2 input

points on either side of the given temperature are used to find the slope.
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Professor Klause'3 work was based on the pre 1974 ASTM charts;

therefore the equations for pressure correction use the constant

of 0.6.

The writer selected the viscosity range of 5 centistokes to 1000

centistokes to calculate the reference slope because this is the

range for which most of the anticipated work would occur. However any

other range could just as well have been used. Using the MacCoull

equation with a 0.6 constant.

log log (v + .6) = A - B log T (8)

log - logarithm to base 10

v - kinematic viscosity in centistokes

A and B -Constants

T - Temperature in degrees Rankine

Using the 2 input data points on either side of the given temperature

the equation is solved for A and B constants. Since viscosity and temperature

are known, this is just an algebraic solution of equation (8).

With A and B known, the equation may again be solved, this time for T.

log T = log log (v + .6) + A (9)

B

OR ((log log (v + .6) + A)) (10)

T = 10 B

With the reference values for viscosity of 5 and 1000 centistokes, this

equation becomes ( 125989 + A)

T5 = 10 (11)
S 477159 + A

T = 10 B (12)

Using an ASTM chart, the measured AY value for the viscosity difference between

5 and 1000 centistokes is 6.65 inches.
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An equation was worked out for distance along the temperature (X) axis

to be
ri T5  1i000 1

Ax = 65.10979 x o 5 +1 -log 100 + (13)
[lg 100 10 1

The slope may now be calculated

as slope = S = Y = AY = 6.65
X EX- AX

A curve fit was made of Professor Klause's A, B and C constants versus

ASTM slope as defined in equation (7).

These are as follows:

A = 3.23523-11.3886xS+13.1735XS -4.888lxS
3

B = 5.33425+19.952lxS-23.9448xS 
2+l0.155xS

3

C = 3.35452-13.1273xS+17.1712xS 2-7.655lxS
3

These values are substituted into equation (7) along with the atmospheric

viscosity for calculation of the pressure coefficient. The equations

developed in this Appendix B are the basis for VISDINTERP and LAGRAN

subroutines.
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Energy Loss in Tees and Crosses

In addition to the normal friction losses in a tee or cross there is an

additional energy loss due to uniting or separating the fluid.

Figure C-1 Figure C-2

Uniting Flow Separating Flow

The total pressure lass will depend on at least the following

quantities:

(1) Pipe diameters (3 variables)

(2) The fluid velocities (3 variables)

(3) The angles of the brar)ches (2 variables)

(4) Roughness of walls (1 variable)

(5) Viscosity of the fluid; (. variable)

Using the corkinuity equationyhnd similarity consideration, four of these

variab can be eliminated .gd the remaining six can he listed as follows:

(1) Ratios of eyl'ft /aeas to inlet (2 variables)

area

(2) Ratio of velocities in 2 of (2 variables)

the pipes
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(3) The branching angles (1 variable)

(4) Friction factor (1 variable)

The pressure loss due to friction can be determined using the friction factor.

The pressure loss due to mixing is independent of the wall roughness. The

formulas were derived for the mixing loss and then coefficients were added to

the formulas which made them fit test data.

The following equations were developed to predict the mixing loss.

SEPARATING FLOW

Z h 0 1V02 + (2X1 -A2) V1  - 2X2 V0 V1 cos a,

UNITING FLOW

Zgh V 2 c2 - (V1 2 Cos V + V2 2 cos y' (II)
10 3 10 0  QO )

Theory of Development of Equations

The loss in the fitting will obviously depend on the wall roughness

besides the geometry of the fitting. By dividing the losses into two groups

"friction loss" and "mixing loss", a general equation can be written

expressing these quantities for flow from point 1 to point 2.

(1) (2) ( (4) (5)1 F2 1P221FV2
P1 + . P 2 = P2 +  22 + A . P  + A2 V 2 + hp (III)

1 2 1 2 2 2 A1I f 2 2 2

(1) and (2) are expressions of total pressure (static + dynamic) at points

I and 2 in the system. (3) and (4) are expressions for the friction loss and

(5) is the expression for the mixing loss. It should be noted that point I

is normally the base or starting point, therefore L1 in expression (3) is zero

making expression (3) zero. The friction loss is then expressed by (4) using

the actual center line length. Equation (III) can now be written as:

PI-P2 _ (V22_Vl2)  (F2L2P2 V2
2 ) +hp (lIIa)

2 2__2_ 2

Change in Change in Friction Loss Mixing

Static Kinetic Loss
Pressure Pressure
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ExperimentF have shown that mixing loss is relatively unaffected by a change

in wall roughness.

The mixing loss is then written without the friction loss term.

2 h = 2 (P 1 -P2)- (V2 2-V1 )

p

0a

FIGURE C-3

Writing the momentum equation for Figure C-3 gives

2 A 1 A 1 V?P AI +P V1  - cos a = P2A2 +0 A =V
1 1 A2 i cs= 2A 2  2 A2 V1

1-P2 = V =V = V1V 2 cosa

P

2 h = 2 V 2-2 2VIV2 cos - V22 + V12

2 h = V12 + V2 - 2V1V 2 cos a

Since assumptions have been made in deriving this equation, it is probably not

exact and should be written as:

2 V22

2 h - C (V1  +V - 2V1 V2 cos a)

where & is an experimental coefficient. The elbow octs as a diffuser and little

turbulence occurs in the passage. Diffuser losses have been successfully
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correlated using the expression
2 h = (I- (V 2 V2

(2  1

where n is the efficiency of the diffuser.

Combining the two different expressions for elbow loss.

2h= (V1 + V2 - 2V1V 2 cos a) + (l-n) (V22 - V1 )

or

2h= X 42 2XV1V 2 cos a + (2X-A 4 ) V
2 2

41h 12 4V12

When V2 = 0, all the entering kinetic energy will be dissipated so = 1.

The branching pipe can be considered as 2 elbows:

FOR SEPARATING FLOW

The elbow formula is applied to give:

2 h1 AIV0
2 + (2X1-X2) V12 _ 2XoVoV1 cos a'

a' is the average angle

XI and X2 are determined experimentally
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FOR UNITING FLOW

The momentum equation is applied to the leaving section with the inlet pipes

acting as diffusers giving:

2 (V IQ I '+ V2Q2h 10 x3V1 + V02 2V0 (--- cos at + - cos y')

The equations developed above can be used for any angle of uniting or separating

flow with the aid of Figure C-4 for separating flow and Figure C-5 for uniting flow.

Probably the most common section used for separating flow and uniting

flow in fluid systems is the standard tee. For this type of fitting the above

equations can be simplified for a given application.

SEPARATING FLOW FOR STANDARD TEE

For a = 90, Xi = 1.0 and X 2 = 0.9

= .85 a' = .85a = (.85) (90") = 76.50

cos a' = cos 76.50 = .233

Equation I can be written as:

2hol = (1)V0
2 + (2(1) - .9) V1 - 2 (.9) V0V1 (.233)

2 22 h01l = V 0  + .1 V 1  - 42 VoV 1I

2 2 _
hol = .5 V0 + .55 V1  21 V0VI  (Ia)
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a

UNITING FLOW FOR STANDARD TEE

For and y = 9o .6

=Y = .85 y ' = = 5= .85a = .85 (90 ° ) = 76.50

cos y = cos B' = cos 76.5' = .233

Q1  V2 Q2ho = .6 V1 + Vo - 2 V (V - (.233) + - (.233))10 1 0 0 1Q Qo Q

Q

h lo = 3 VI2 + .5 'vT0  .233 V0  Q- (Ila)

Note: Equations (1a) and (Ila) are the mixing losses in the standard tees

and do not include friction losses. These equations are also used to determine

ho2 and h2 0 by changing the subscripts.

APPLICATION OF EQUATIONS

The mixing losses in Equations (la) and (Ila) are now functions of only

velocity and flow rate.

In these equations, the units are as follows:

Quantity Units

Head loss h FT 2/SEC 2

Velocity V FT/SEC

Volume flow rate Q FT 3/SEC

Weight density W LB/FT3

Mass density P LB-SEC2  
w

g
Gravitational constant g

To convert head loss, h, to PSI, multiply h by mass density

144 or can be written

as:

PSI = -

144
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Pressure Loss in Branch with Separating Flow
1.0 / .. ,(a)

1.0

0.8

c 0 .6

0.4 

T

0.2

Effective Angle of Deflection as a Function
of Angle of Deflection

1.2 (b)
1.2

1.0

0.8

'40.6

0.4

0.2
300 600 goo 1200 1500 1800

GP75 027G 30

FIGURE C-4
USED WITH EQUATION FOR SPEARATING FLOW
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Pressure Loss in Branch with Uniting Flow

1.0 
(a)

0.8

r3 0.6

0.4

0.2

Effective Angle of Deflection as a Function
of Angle of Deflection

1.2 (b)

1.0

10.8

0.4

0.2
00 300 90°  1200 1500 1800

and "Y GP75 0270 31

FIGURE C-5
USED WITH EQUATION FOR UNITING FLOW
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Resistance of Bends

The total resistance of any bend is comprised of two parts. The first

of these parts is a frictional resistance due to the length of the bend and the

second part is an energy loss due to the change in flow direction. SSFAN uses

the center line length of the bent tube to calculate the frictional resistance

of the tube. This is accomplished in subroutine SPORT.

The energy loss portion of a tube's resistance is due to three factors:

bend angle, severity of the bend, and cross sectional configuration of the bend.

The method used to obtain the energy loss portion of a tube or hose resistance

in the SSFAN Program is obtained from Reference Cl. Reference Cl interrelates

the effect of each energy loss factor to the total energy loss coefficient of

the bend through the simple formula:

f = A1 + B1 + C1

Where: f = energy loss coefficient of the bend

Al = effect of the bend angle

B1 = effect of the bend severity

C1 = effect of the bend cross section

SSFAN models energy loss coefficients in tubes and hoses with smooth bends of

constant circular cross section through use of the above formula. The coefficient

of each bend in the tube or hose is calculated then summed with the coefficients

of the other bends to give the total energy loss coefficient of the element.

Figure C-1 illustrates the relationship between the variable A1 and the

angle of bend of the tube. SSFAN uses a computer generated fourth degree

polynomial curve fit to calculate values of A1 for bends of 180* or less and

approximates the contribution of bends greater than 180' by the linear equation:

330 j



Al = 1.39 + (DEG,180) x 3.333 x 10- 3

a ui IN Mr M

BEND ANGLE (DG

FIGURE C-i

Similarly, calculation of the variable B1 is achieved through different

equations depending upon which region of bend ratio (bend radius/inside dia)

the tube bends fall in. A curve fit of Figure C-2 for bend ratios between 1

and 30 yields the power function.

B1 = .206982 x Bend Ratio 
-.49421

For bend ratios between 30 and 50 the relationship is given by the equation

B1 = .0385411 - (Bend Ratio - 30) x .0004

B J

B1  DI i-- -

BEND RATIO

FIGURE C-2
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If no bend radius for the tube or hose is input on the element data card,

the default value of the bend ratio is 3.56 if a tube is being calculated and

7.21 if a hose is under consideration.

Since all bends are assumed to be of constant circular cross section, the

variable C1 requires no calculation because the configuration does not vary.

Reference A shows that for circular cross section conduits

C, = 1.00
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